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in This Issue 


ANALOG COMPUTERS. In recent years. we have heard 
much from people attempting to explain the “why” be- 
hind the great move to automatic control. Usually these 
analysts cite incentives like freeing the working man 
from monotonous duties and raising the standard of 
living by producing more goods at lower cost. These fac 
tors may indeed be responsible for the existence of many 
of our present-day control systems. Regarding the increas- 
ing activity in computer-type controls, however, the ex- 
pert will have to dig beyond economics to find the 
answers. We think that one of the reasons we are attempt- 
ing to make controls compute (or act more like people) 
is because people simply aren’t good controllers. For 
example, people do a monstrous job of controlling auto- 
mobiles. Already, the human’s ineptness in control has 
led to such computer developments as the automatic 
pilot, the gun director and some new machine tools. In 
the kitchen, too, a simple computer appears in a self-de- 
frosting control that actually counts the number of times 
the refrigerator door is opened. The housewife can’t be 
trusted to control such a simple function on a simple 
product. Now that we've exposed this weakness of people. 
a continuing move toward computer controls should seem 
inevitable. For an explanation of how analog computers 
are applied to machines. turn to page 70. 


CIRCUIT PACKAGE SYSTEM. All right. we too think 
the word “system” is being overused, what with it being 
applied to everything from built-in kitchen appliances 
to (aops, another bete noir!) automation. And we'll 
join you in promoting a Society for the Prevention of 
Indiscriminate Use of the Word “System.” But hold 
your fire a bit until we can prove to you that the system 
concept can be logically established. Naturally, it takes 
a couple of ELECTRICAL MANUFACTURING authors to do 
this, so turn to page 77 and read “Principles of Electronic 
Circuit Packaging.” by S. G. Bassler, Signal Corps En- 
gineering Laboratories, and M. Hinebaugh, formerly with 
P. R. Mallory and Company. 

The authors present a logically articulated analysis of 
several basic systems for circuit packaging and integration 
of printed wiring assemblies, with special application to 
automatic production needs. The analysis is in terms of 
printed wiring card construction. thermal requirements. 
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and overall specifications for ruggedness. Four basic 
packages are illustrated and their construction is discussed 
in relation to system needs. Methods are given for a 
mathematical approach to optimum efficiency in package 
size. volume and weight. 


SAFETY AND MAINTENANCE. We recently spent a 
tense hour with a very distinguished, corporation-type 
insurance peddler who was promoting a new guaran- 
teed annual double-indemnity self-liquidating negative 
feedback auto policy. We had just about overcome his 
advances when. as we wrestled him furiously toward the 
door, he gasped, “Ten and twenty aint enough.” The 
slamming of the door prevented our hearing the rest of 
the spiel, but next day we asked a brother-in-law (who 
also sells insurance) what the cryptic remark meant. In 
reply, we were told that 10 and 20 refers to auto liability 
insurance and that such coverage is much too little by 
today’s standards. Judgments in favor of accident victims 
have skyrocketed to where 50 and 100 is considered a 
minimum protection for the auto owner. “People are 
simply worth more these days,” said the brother-in-law. 

Of course, our personal insurance problems are in- 
cidental to design engineering but our brother-in-law’s 
remark is not. Like pedestrians, the operators of industrial 
equipment are also “worth more.” Accordingly, more 
safeguards are being built into machines to protect these 
operators. Although the engineer is responsible for de- 
signing safety into a machine, it is not his right to deter- 
mine how much. Read the article on page 86 for an in- 
triguing discussion of the compromises on safety that 
a designer is often called upon to make. 


SPIDERS, BISCUITS AND PINS. I[n some respects the 
expression, “flexible coupling.” is misleading. The pur- 
pose of a flexible coupling is not that of a universal 
joint: it is intended to accommodate reasonable degrees 
of misalignment which may occur after the coupling 
has been installed. Occasionally a user will try to install 
a coupling on shafts which are misaligned to begin 
with under the impression that the coupling will act the 
part of a universal joint. 

Spiders, biscuits and pins? Well they’re all used in 
flexible couplings. To find out how and why see page 98. 
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Vlanufacturing 


NEW POWER SOURCE. Ever since Irving Berlin wrote 
the song. tens of millions of Americans have repeated 
the question. “How are you going to keep ’em down 
on the farm, after they’ve seen Paree?” We've never 
heard any formal answers to this puzzler, but we sup- 
pose Irving has since found out that the lure of Paree had 
little chance when pitted against price supports, Sears- 
Roebuck and the travelling salesman. This trio certainly 
has made the farm a good place to be. And, it’s getting 
better as you will learn when you read about “Electrall.” 
This is a novel tractor-mounted power package that en- 
ables the farmer to operate 10-kw worth of labor-saving 
devices anywhere on his property. The tractor engine 
drives this generator, which is smaller than any 10-kw 
machine you've ever seen. In fact, it is this compactness 
that made this entire development possible. Since the gen- 
erator opens up a broad new market for electrically 
energized equipment, the article on page 92 is provided 
to brief designers of such products on the characteristics 
of the power supply and the types of drive motors that 
work best with it. 


COMMON DENOMINATORS. Where does the basic 
reader interest lie in an article detailing the development 
of a specific electrically operated product, such as the 
Hoover steam-electric hand iron? What is there in such 
a story that could be of value to a designer of heavy in- 
dustrial machinery, for example? There are several 
things we editors would like to believe. One would be the 
method of approach to the problem of creating a new 
product to meet an envisioned market need. How are dis- 
tinctive features obtained within a competitive selling 
price? In the article beginning on page 104 the answers 
lay in research for better materials and improved proces- 
sing techniques and fabrication methods. Those should be 
matters of common interest to most designers. Attention 
please! 
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MAGNETIC FERRITES. The phenomenal growth of ferrite 
core materials since the war again demonstrates that 
necessity is the mother of invention. Electronic designers 
needed a low-core-loss, high-permeability magnetic mate- 
rial to operate at high frequencies. Applications of pow- 
dered iron cores pointed the way to the use of ferrites. 
so that today they are an accepted basic material in 
the electronics industry. Basic performance data, plus 
analytic and empirical methods for calculating core 
losses are discussed by G. S. Hipskind of RCA on page 
108. 


QUALITY CONTROL. Although he may not always be 
fully conscious of it, the design engineer is a key mem- 
ber of a technical production team. Market research- 
ers and executives may determine the general specifica- 
tion, production men may make it and salesmen may sell 
it. But it is the design engineer who translates general- 
ities into specifics. In the final analysis, he sets the quality 
level and the possible production methods and machines 
to be used in making it. As A. H. Morgan and D. H. 
Harris write in their article beginning on page 113, 
quality control is everybody’s business. But it is particu- 
larly the design engineer’s business. It is his work, in 
conjunction with other members of the group, that is 
primarily responsible for making the product amenable 
to the techniques of quality control specialists and others 
on the team. 


INTERNATIONAL DIELECTRICS. The Europeans have 
led the way in fundamental research on a number of 
important developments in the field of electrical insula- 
tion and dielectrics. They also tend to get more out of 
conventional materials than we do. (Our favorable 
economic position perhaps induces us to be somewhat 
more wasteful!) A leading European authority in this 
field, Dr. G. de Senarclens, Swiss Insulating Works, sum- 
marizes properties of several materials that are particu- 
larly significant in the contemporary European field and 
describes applications. Turn to page 119. 


SLIP RINGS. Not too long ago slip rings were among 
the things to be avoided by design engineers unless there 
was no other way out. But in recent years they have been 
coming into their own. Radar and gun fire control systems 
required that electrical currents of both signal and power 
levels be transferred between fixed and rotating elements. 
New aircraft power plants required instrumentation for 
measuring temperature and mechanical strain in high 
speed rotating parts. Slip rings had to be used, and they 
were. Design factors are well established and many good 
design engineers now feel at home with them. Consulting 
engineer W. F. Mason discusses recent slip ring develop- 
ments in his article beginning on page 126. 
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Nomenclature for 
Casting Resins 


Thanks to our readers for the favorable 
comment on the definitions published 
in May “Research Horizons,” page 8. 
These definitions applied to casting 
resins as used for embedment, encap- 
sulation, potting and impregnation. 
One of our correspondents, however, 
Sidney L. Chertok, Sprague Electric 
Company, is entirely correct in pointing 
out that the definition for impregnation 
might imply that only casting resins 
are used for the purpose. Since clarifi- 
cation never does any harm, the original 
definition is now expanded to read as 
follows (added material is in italics) : 
impregnation: Applies to the use of 


Solar battery reaching 
for the sun: Here is 
a model of Bell Tele- 
phone Laboratories’ 
solar battery looking 
ready for business. 
An experimental 
working unit will be 
part of the telephone 
system in Americus, 
Georgia. this  sum- 
mer. Its function will 
be to supply power to 
terminal equipment 
on rural lines. Bat- 
tery contains 432 sili- 
con disks. Mounting 
permits tilting face 
for maximum sun ex- 
posure at any loca- 
tion. 


casting resins for coil windings and 
similar purposes. Process of impreg- 
nation may be integrated with that of 
embedment or encapsulation. Exam- 
ples: Impregnation and encapsulation 
of transformers; impregnation and 
sealing of capacitors. In addition to 
casting resins, various organic and 
inorganic compounds, waxes, oils, and 
synthetic liquids are used for impreg- 
nation, 


And Nomenclature 

for Components 

Electrical and electronic components 
and subassemblies, too, need classifica- 
tion, and Sid Chertok, together with 


Julian K. Sprague, move right into our 
“favorite reader” category by contribut- 
ing this excellent set of definitions: 
1. Discrete components: Electrical or 
electronic components having single 
elements, such as a capacitor, resistor, 
or inductor. 
2. Complex components: Those that 
consist of two or more discrete com- 
ponents together with an associated 
circuit Wiring so constructed that the 
entire component is indivisable and 
unrepairable. They may be embedded, 
encapsulated, potted, or canned. 
3. Subassemblies: Chassis or printed 
wiring boards on which are mounted 
discrete or complex components and 
which may be repaired by replacing 
the discrete or complex component, 
By the way, why don’t you, too, be- 
come a “favorite reader” by contribut- 
ing a brief report on your research work, 
or comment on some current trend in 
materials, components and design prac- 
tice? And doesn’t anything we write 
here ever get you mad? 


New Corrosion-Resistant 
Stainless Alloys 


Four new corrosion-resistant precipita- 
tion-hardenable stainless steel alloys 
have been developed by the Research 
Division, Cooper Alloy 
Hillside, N. J., as follows: 

PH55A—High-strength and high- 
hardness alloy with fair ductility, for 
erosion and abrasion resistance or for 
stressed parts in corrosive applications. 

PH55B—Ductile high-strength alloy 
of medium hardness, for shock resis- 
tance and high stresses in corrosive ap- 
plications. 

PH55C—Very high-hardness alloy of 


Corporation, 
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HW S*WATT luc Jacks 


miniaturized axial-lead wire wound resistor 


SPRAG 


SPRAGUE ELECTRIC COMPANY « 307 MARSHALL ST. » 
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This power-type wire wound axial-lead 
Blue Jacket is hardly larger than a match 
head but it performs like a giant! Its a 
rugged vitreous-enamel coated job—and 
like the entire Blue Jacket family, it is 
built to withstand severest humidity per- 
formance requirements. 

Blue Jackets are ideal for dip-soldered 
sub-assemblies . . . for point-to-point wir- 
ing ... for terminal board mounting and 
processed wiring boards, They’re low in 






cost, eliminate extra hardware, save time 
and labor in mounting! 

Axial-lead Blue Jackets in 3, 5 and 10 
watt ratings are available without delay 


in any quantity you require. x *« * 


SPRAGUE WATTAGE DIMENSIONS MAXIMUM 





TYPE NO. RATING lL (inches) D RESISTANCE 
ISTE 3 oq '% 10,000 2 
27e 5 % % 30,000 2 
28E 19 1% % 50,000 {2 


Standard Resistance Tolerance: +5% 


SE es th a 


WRITE FOR ENGINEERING BULLETIN NO. 1118 


NORTH ADAMS, MASS. 
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low ductility for nonstressed, corrosion- 
resisting parts. 

PH20—Gall-resistant alloy with su- 
perior corrosion resistance; has un- 
usually good resistance in hot sulphuric 
acid and superior resistance to a long 
list of corrosive solutions. 

The first three (PH55 series) are 
variations of the 19-per cent chromium, 
9-per cent nickel type. Modifications in 
hardness and ductility are obtained by 
introducing and varying molybdenum, 
copper and silicon, and by controlling 
the carbon below 0.08 per cent and the 
manganese content below 1 per cent. 
Corrosion resistance is reported as 
equal to or better than that of type 316 
stainless. 

The fourth alloy listed, PH20, is a 
precipitation-hardenable version of the 
20-per cent chromium, 29-per cent nickel 
standard type. Patents for all four al- 
loys are said to be pending. They will 
be made available on a license basis. 


“Design for What?” 
Department 


Pretzels and beer were at one time de 
rigeur for TV viewing. Now—thanks to 
contemporary electronic genius—it’s a 
pocket flashlight. All you and the little 
woman do—say Zenith engineers—is to 
relax in the presumed comfort of your 
living room and point the flashlight at 
photosensitive controls located around 
the periphery of the screen and—quick- 
er than you can say “solid-state elec- 
tronics!”—the set goes on, goes off, 
channels are shifted, and so on ad in- 
finitum, not to say ad absurdum. 
What ever happened to our good old 
American spirit of “git up and go”? 
Davy Crockett would never lounge back 
and twiddle with a flashlight—he’d 


just wrastle the darn dials right off the 
danged set! 


Fault-Locating 
Magnetic Head 


Condition of the recording tape surface 
is an important factor in the reliability 
of magnetic recording devices. Ordinary 
means for tape reading are not suitable 
for fault location, since the tape moves 
continuously past a fixed head. The de- 
sirable method would be to read a small 
selected area of the tape repetitively at 
a rapid rate and to display the play- 
back signals continuously on an oscillo- 
scope. By means of a rotating head de- 
veloped at the National Bureau of 
Standards data procéssing laboratory, it 
is now possible to investigate and locate 
faults in magnetic recording media in 
this manner. The device can also be 
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used to scan through and edit a com- 
plete length of tape. 

The test set-up employs a reading 
head mounted on a rapidly rotating 
drum, while the tape is held stationary. 
The head is thus in contact with the 
tape for a part of each revolution of the 
drum. Exactly the same set of signals 
is read repetitively once each revolution. 
The playback can be displayed continu- 
ously on an oscilloscope and observed 
as long as it may be necessary. A modi- 
fied design has a groove machined to ac- 
commodate recording wire. 


Orlon, Dacron-Based 
Plastics Laminates 


Favorable strength-to-weight character- 
istics are among the advantages claimed 
for mechanically bonded Orlon acrylic 
fiber, Dacron polyester fiber, or nylon 
fiber as new reinforcing materials for 
plastics laminates. Bonding is accom- 
plished by passing a carded batt through 
a needle loom which. in effect, stitches 
the fibers resulting 
blanket-like homogeneous 
construction aids in the fabrication of 
laminates of uniform thickness, smooth 
surface. and equal strength in all direc- 
tions. Low moisture absorption, superior 
chemical resistance, abrasion and im- 
pact resistance and weatherability are 
contributed to the finished laminate. 
The uniformly oriented fibers are almost 
completely masked by the 
resins. 


together. The 
nonwoven, 


laminate 


Dielectric properties are said to be 
particularly good; laminates made with 
these reinforcements are thus indicated 
for various critical applications, includ- 
ing printed-wiring boards. Two mills 
are now producing these materials. 
Fibers are supplied by DuPont Textile 
Fibers Department. 


Teflon Fiber 
Applications 


Still another Du Pont development 
emerging into commercial use is non- 
woven felt from Teflon polytetrafluoroe- 
thylene resin. Felts are now being pro- 
duced by the company’s Fabric Division 
in pilot plant lots for filters in industrial 
equipment where extremely severe con- 
ditions of temperatures and exposure 
to corrosive chemicals are encountered. 

Teflon felts resist temperatures up to 
400 F and are practically chemically in- 
ert. In addition, these materials are 
highly hydrophobic. 


Reactor 
Components 


What components go into a nuclear re- 
actor? Some hint of the diversity of 
electrical and electronic devices and 
components parts that are built into a 
reactor is given in the list of vendors 
and contractors for the United States 


research reactor. This will be exhibited 
at the International Conference on 
Peaceful Use of Atomic Energy to be 
held in Geneva, Switzerland, starting 
August 8. Here are some of the items 
included in the 15 tons of reactor com- 
ponents air-lifted from the McGhee- 
Tyson Air Force Base, as reported by 
the AEC: 
Control drive motors; Control rod 
position indicator; 
Display recorders; Diving lights; 
Electromagnets; 
Flow rate meters; Flux Amplifier; 
Frequency converter controls; 
Intercommunication and public ad- 
dress equipment; 
lonization chamber: 
Motor-generator 
verter; 


frequency  con- 


Reactor control instruments; Re- 
actor control panel; 

Reactor simulator recorders: Water 
pumps. 


A Rose is a Rose is a 
Rose-Petal Appliance 


We shudder to think of the ultimate ef- 
fect of the current spate of color 
schemes on our collective connubial feli- 
cities. We can accept with a reasonable 
amount of tepid enthusiasm color com- 
binations that utilize periwinkle blue, 
nutmeg brown, fresh-flavor peach, para- 
keet green and canary yellow, but we 
firmly and resolutely draw a line at 
“petal pink.” 

Bad enough a man has to face up to 
the 8:05 and the daily combat for elu- 
sive success, but to face up to petal pink 
with his black coffee... ! 


Capsule Notes on 
Research Reports 


In its “Biennial Report 1953 and 1954,” 
(Miscellaneous Publication 213) the 
National Bureau of Standards provides 
a 162-page summary of the various re- 
search and developmental programs 
undertaken by its laboratories. Other 
NBS services are reviewed. A_biblio- 
graphy of publications by staff members 
is added. Copies are available at 60¢ 
each from the Superintendent of Docu- 
ments, Washington 25, D. C. 

Another NBS nublication is “Refer- 
ence Tables for Thermocouples.” (Cir- 
cular 561) an 84-page compilation of 
reference tables for platinum-plati- 
num-10-per cent-rhodium, platinum-plat- 
inum-13 per cent-rhodium, chromel-alu- 
mel, iron-constantan (modified 1913), 
copper-constantan, and chromel-constan- 
tan thermocouples with temperature in 
degrees centigrade and Fahrenheit and 
electromotive force in millivolts as the 
arguments. Available at 50¢ per copy 
from the Superintendent of Documents. 


—A. E. J. 
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Mobile Power Source for the Farm 


DEVELOPMENT WITHIN THE PAST YEAR of a 
mobile electric power source is unquestionably 
going to extend the use of electric motor 
power on the farm. Heretofore, the so-called 
farm factory has been limited to the area 
around the barn because that is where the 
power lines ended. Motors provide power for 
materials handling, shredding and grinding. 
pumping water, ventilating the barns, milking 
cows and cooling milk. Electricity also broods 
livestock, electrocutes insects and provides 
light. Inside the farmstead, electricity does 
much the same chores as in the urban dwel- 
ling. But when work is to be done in the fields, 
the electric motor has had to give place to 
the internal combustion engine. 

Two leaders in their respective lines of 
manufacture of farm and electrical equipment 
have jointly worked out an electrical power 
system especially adaptable for use on movable 
implements. As detailed in the article begin- 
ning on page 92, the system at present con- 
sists basically of a powerful a-c generator 
designed to be mounted on a tractor and a 
rather special type of motor driving trailing 
farm implements. The motor is designed to re- 
place the auxiliary gasoline engine used to 
drive rotating devices on hay balers, combine 
harvesters and the like. The generator and 
distribution system is patterned after basic 
network systems used in large cities. The sys- 
tem can also supply power to standard motor- 
driven devices like chain saws and post-hole 
augers used far afield. Also, if the rural over- 
head utility lines should drop out as the result 
of a storm, the mobile generator can pick up 
critical loads like food freezers and water 
pumps. 

Those who have promoted this development 


recognize that others will have to get into the 
picture if adoption is to be widespread. In- 
cluded would be other manufacturers of farm 
implements that require auxiliary power (the 
plow and harrow would thereby be excluded). 
Motor manufacturers, too, will want to tap 
this new market and will probably find it 
easier to develop farm motors for the afore- 
mentioned system than to devise one of their 
own. Lastly, there is that unknown group of 
entrepreneurs who will surely come up with 
some new devices for farm, field or road use 
that have been impractical up to now because 
of the lack of a mobile power source. Short 
of buying a “going” farm and then learning 
the problems first hand, the last group should 
begin their market research at the agricultural 
experiment stations. 

The field is wide open as regards motor de- 
sign. There are no NEMA standards; there 
is not even a good basis for comparison with 
industrial performance norms. Even nameplate 
ratings are not too meaningful. One can only 
roughly estimate the normal service life of a 
motor that is run only occasionally. For these 
reasons it will be necessary for the farm ma- 
chinery maker to work closely with motor 
engineers in making applications of this type. 
Measurement of load forces and power con- 
sumption appear to be necessary and may pose 
problems to some machinery makers who have 
heretofore relied on experience. The answer 
lies in hiring some competent design en- 
gineers; no farm experience necessary. 

Extending electrical energy beyond the 
power lines presents a number of challenges 
and should result in greater utilization of 
electricity on the farms and new markets for 
motors and associated electrical components. 
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GEORGE H. AMBER, Consu'ting Enginee; 


19925 Schaefer Hwy. Detroit 


Analog Computers 


for Machine Control—| 


Extensive military research and development programs have made a rich store 


of computer technology and proven components available to the equipment designer. 


Once basic principles are understood, the design of computer controls 


becomes largely a matter of arranging off-the-shelf building blocks. This first 


of two articles defines the servo computer ani the components thereof. 
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Non-computer control signals 
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Program feedback contro! signals and servomechanism feedbacks A 
RETIREE OEE NBD ER GRRE RAC AT ORET TN 4 


Fig. 1—Block diagrams show five basic types of control. 
(A) Simple, non-automatic control; (B) Automatic- 
cycle control; (C) Automatic-cycle control plus closed- 
loop feedback for maintaining accuracy; (D) Simple 
computer control; (E) Control combining automatic 
cycles, computer and feedback. 


COMPUTER SYSTEMS MAY BE CLASSIFIED by size into two 
groups. The first includes the large general-purpose sys- 
tems (ranging from console to room size) that are used 
for computation per se. Data fed to such systems are 
operated on mathematically until an answer is obtained. A 
design analysis requiring the repeated solution of a com- 
plex equation for numerous values of the variables would 
be a typical application for a general-purpose computer. 
In contrast to the latter, there is the small. special-purpose 
equation solver. This type is used for control rather than 
for computational purposes. An example of use would 
be an automatic navigation system for airplanes. The 
automatic navigator takes information on changes in wind 
velocity and direction directly from the planes instru- 
ments and computes the degree of rudder adjustment 
needed to compensate for these changes and keep the 
plane on course. 

The distinction of size is made here because it is only 
the fact that small, compact systems can be designed 
that makes feasible the addition of a computing function 
to control. Today, gun-fire control systems. guided mis- 
siles, flight simulators, radar and training aids depend 
in large part on computer operations designed into the 
equipment. In the industrial-equipment field. too. there 
is evidence that control designers are beginning to take 
advantage of the vast store of computer technology re- 
sulting from military applications. 

Classifications of Control. The role of the computer 
in industrial-equipment control can be shown by means of 
the block diagrams in Fig. 1. Here, the five basic types 
of machine controls are arranged in order of increasing 
complexity or “degree of automaticity.”* The block dia- 


* See “Orders and Degrees of Automaticity’’, 
page 64, January 1955 
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INPUT 


to a servo computer includes one or more 
of these elements. The signals are analogs 
of variables and constants, either in the 
form of shaft rotations or voltages. 


Manual Controls 


such as potentiometers, are used 
for setting scale factors (analog 
ratios), rates, parameters and 
function. 


Transducers 


such as thermocouples, strain 
gages, differential transformers, 
synchros, accelerometers and tach- 
ometer generators, are used to re- 
veal the status of one or more 
particular machine functions. This 
information is used to provide a 
necessary variable for the control 
of a mathematically based opera- 
tion or for feedback purposes. 


4 Computer Output 


frequently represents a function 
that requires further mathematical 
operation, in which case it be- 
comes the input signal to another 
servo computer. 


Programmer 


stores information concerning the 
desired mode of operation and 
changes or sequences the machine 
process. Timers, counters, magnetic 
tapes and mechanical programming 
are used. Program of inputs may 
be manual, computer or transducer. 
The inputs may be derived from 
machine feedback or, in the case of 
in-line operation, from other ma- 
chines. 


») 


SERVO COMPUTER 


solves equations by analog methods, en- 
abling industrial machines to function at 
higher orders of automaticity on a mathe- 
matical basis. 





OUTPUT 


of a servo computer includes one or more 
of these elements. The signals are ana- 
logs of variables and constants either 
in the form of shaft rotations or voltages. 


Control System 


of a machine is the usual servo 
computer output. By means of con- 
ventional power servos, valves, 
regulators and open-loop actuators, 
the machine responds to the mathe- 
matical function of the control con- 
stants and variables originally pro- 
grammed. In most cases, the com- 
puter is physically merely an ad- 
junct to the power servo control 
system, although functionally the 
machine depends on the computer 
function. 


Indicators and Recording 
Instruments 


are frequently used to display 
variables and computed functions, 
either for monitoring purposes or 
to permit manual control of a ma- 
chine in accordance with computer 
solutions. Recorders are used as 
an aid to economic and statistical 
analysis. 


Computer 


The output of a servo computer 
becomes the input to another com- 
puter whenever further mathemati- 
cal operation is required. This is 
often the case as most complex 
equations are solved in parts. 
Simultaneous equations are solved 
by setting up a computer for each 
unknown in explicit form and cross- 
connecting the computers, so that 
each computer depends on the 
other. a 


Fig. 2—Flow diagram depicts the three basic constituents of a computer control; viz., input, 
computer and output sections. As indicated, both the input and output sections of the computer 
section may take several forms. It is interesting to note that since a control system may actually 
consist of a number of interconnected computers, the output of one computer may well be the 


input for the next. 


gram. Fig. LA. represents the two functional elements of 
simple, non-automatic, power tools. The power controller 
element is usually a switch. possibly also a speed control. 
Typical machines using such elements are drill presses. 
milling machines and saws. This common functional ar- 
rangement demands the supervision of an operator at all 
times. 

Modern automatic-cycle machines, Fig. 1B, have a third 
functional element, a programmer, between the power 
controller and the machine function. The programmer 
enables the machine to perform a series of operations 
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automatically. In most cases the programming is mechan- 
ical, consisting of interlocks, indexers, conveyors, multiple 
tooling, stops, positioners, etc. Typical machines having 
such mechanical programming are turret lathes, transfer 
machines. screw machines, tracer-type profilers, flame 
cutters and much of the automotive-type equipment where 
machines are actuated by preceding machines. and in 
turn actuate the following machines on the line. Closed- 
loop feedback control is seldom used here. 

To get additional reliability and versatilitv, some 
machines use closed-loop feedback control. Fig. 1C. Trans- 
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Fig. 3—Chart showing symbolic representations of servo com- 
puter components as they would appear on a simplified schematic 
diagram for a computer system. Most of these components, 
either singly or in combination with others, are available in the 
form of standardized units or building blocks. Hence, the control 
designer needs only a functional knowledge of what is inside 
the packages. 
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ducers (devices that convert physical conditions such as 
strains, temperatures and dimensions into electrical sig- 
nals) at the machine continually send back to the pro- 
grammer data on conditions affecting the work in process. 
The programmer monitors these signals by comparison 
with built-in references and determines whether or not 
the work (product or part) is being handled properly; 
the machine is functioning as desired; and the work is 
within limits at critical production stages. 

Necessary corrections are usually made by automatic 
servomechanism actuators. These servomechanisms permit 
programming by such means as punched cards and mag- 
netic tapes in addition to the mechanical programming 
commonly used. Typical machines that depend on feed- 
back and servoactuators are automatic flame cutters that 
follow a blue print trace; tape-programmed milling ma- 
chines; card-programmed drilling machines; and _pre- 
cision profiling machines. For the most part, these ma- 
chines and others in the same class function proportion- 
ally to the control of feedback signals. Ordinarily only 
the critical variables of a machine function are controlled 
or regulated by feedback, while most of the functions are 
controlled in an open-loop manner. 

Unique functions can be attained by machines whose 
response is not limited to proportional or direct control 
by the programmer or to feedback signals. Machines of 
this type are designed to operate on a mathematical basis. 
They “solve” the equations that define the relationships of 
the various control and feedback signals, using a com- 
puter functional element. While actual machine-computer 
combinations do use the four functional elements shown 
in the block diagram, Fig. 1D, a number of feedback 
routes are commonly employed with these elements. 

The diagram, Fig. LE, represents actual control flow 
in a typical machine-computer combination. As in Fig. 
1C, the machine transducers send feedback signals to the 
programmer. The computer element also receives feedback 
signals from the machine element. As only part of the 
machine function is computer controlled, a direct control 
line from the programmer to the machine is also shown. 
representing non-computer control. 

These block diagrams show how machine control sys- 
tems are developed from simple on-off switches to systems 
using computers. Electrically driven machine tools are 
used as examples. Block diagrams of this type are widely 
used to illustrate various functions and the flow of control 
information and data between the functional elements. 
More detailed block diagrams can be prepared to illustrate 
the make-up within each major block since block dia- 
grams of the type given here merely represent function. 
not physical arrangement. A block does not necessarily 
indicate a separate piece of equipment. For example, it 
is not uncommon for a controller, programmer and com- 
puter to all occupy the same rack housing. In a typical 
automatic-cycle machine tool, such as a turret lathe, the 
program function consists mainly of physically setting 
the tools, stops and holders but would be shown as a 
block in this type of diagram. 

Relating Fig. 1 to the degrees of automaticity advanced 
in the January article previously referred to, Fig. 1A is 
a functional flow block diagram of machines operating 
at the first and second orders of automaticity (A‘!andA?). 
Block diagram B is typical of machines operating at the 
third order of automaticity (4*). Block diagram C may 
be classified as the fourth order of automaticity (A*). 
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while D and E both relate to the fifth order of automaticity 
(A5). 

Servo Computers. A number of arrangements and 
combinations of basic computer types can be used for in- 
dustrial machine control. The most applicable is the “auto- 
matic special-purpose, electromechanical, equation-solving 
a-c analog computer.” It is also known as a servo-com- 
puter, for in its most familiar form it consists of instru- 
ment-class servos automatically adjusting electrical com- 
ponents, for rapid analog solutions. These small computers 
might well be described as “bite size” to distinguish them 
from the array of racks and consoles that make up the 
usual commercial general-purpose computer. 

The servo computer is inherently simple because it is 
intended in each case to solve predetermined algebraic. 
trigonometric and elementary calculus relationships of 
a continual or repetitious nature. It is a custom-designed 
computer, meeting minimum performance requirements. 
The large commercially available computers, on the other 
hand, must necessarily be more complex. They are de- 
signed for maximum flexibility in performance, permitting 
any single computer installation to be used for the solu- 
tion of a wide variety of problems (mainly, differential 
equations) and to be used as a dynamic simulator. 

Ordinarily, any computation that can be performed 
with the use of a slide rule, plus summations, and simple 
calculus problems can be readily accomplished by a 
servo computer using basic servos, amplifiers, potenti- 
ometers, synchros and other standard electrical com- 
ponents. Major portions of bite-size computers can be 
purchased in the form of packaged, pre-engineered as- 
semblies. With few exceptions such components were 
originally developed and perfected to meet stringent mili- 
tary purposes. The non-military industrial customer is 
therefore, in a position to benefit considerably from a 
great fund of knowledge and experience amassed in these 
military efforts. 

The small computer is practically always an a-c com- 
puter. D-c computers have a number of advantages, such 
as speed of solution, use of “machine time” in addition 
to real time. and ease of integration and differentiation. 
They are not. however, especially suitable for training 
aids or industrial machine control. This is so because d-c 
amplifiers are subject to drift when used for long periods. 
Also, commutator motors and generators must be used, 
and they may be a service problem. An a-c analog system 
is free of these problems, and in addition permits circuit 
isolation by means of transformers. 

Therefore, a-c analog computers are the most applicable 
for industrial machine control. The one principle dis- 
advantage of a-c computers is susceptibility to phase 
shift and “noise” from stray coupling. Hence. careful 
system design is a necessity. 

In all cases. the term computer refers to function, not 
necessarily to any specific, self-contained package of 
components. This distinction is a necessary one, for the 
various components comprising a computer or function 
solver may be physically located at various places. Also, 
it is not unusual to have a number of computers housed 
together, even to the extent of sharing a common servo 
shaft or other components. 

By usage, a servo computer is any number of servos 
and components acting together to solve a single function. 
A typical operational flight trainer may have 60 or more 
“computers.” each one a small servo computer. This is 
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Summing amplifier unit 





Code 





nes bearing computed information 
Lines bearing misc control information 


ty lines (power, reference, filaments, etc.) 


Fig. 4—Schematic diagram of a unit plug as used with a sum- 
ming amplifier. Typical values are shown. The network of 
Rs, Re and C, is effectively a 500-kilohm feedback resistance 
plus a phase correcting function. Resistors Ri, Ro and Rs are for 
summing. R, is the grid resistor. 


why the computer rack of a large training aid may 
occupy most of a semi-trailer. The small computers for a 
machine control would ordinarily be few in number, and 
seldom occupy space greater than a single filing cabinet. 

Computer Components. The three basic constituents 
of a computer control are diagrammed in Fig. 2. These are 
simply the input, computer and output sections. We will 
be concerned here with the components commonly found 
in the computer section and the manner in which the 
various mathematical operations are performed. 

While the Navy used special-purpose computers for fire 
control over 30 years ago, these were mostly of the 
mechanical type, using cams, levers and linkages. The 
special-purpose electromechanical analog computer of to- 
day is a refinement of war time developments when 
research groups evolved small computers for use as control 
elements in radar, sonar, fire control, automatic pilots. 
avionics, ete. 

Practically every computer or servo required in these 
early applications demanded unique design treatment. 
even to the extent of special components. In time, the 
components were considerably standardized, and some of 
the computer development techniques became a routine 
procedure. It was subsequently noted that most of the 
computers were made up of continually repeatable ele- 
ments. These elements were standardized into pre-engi- 
neered basic computer building blocks. These basic 
computer building blocks and the associated hardware 
and mechanisms permit saving of considerable engineer- 
ing time formerly devoted to the tedious details of 
designing components and subassemblies. 

A servo computer may consist of several components 
mounted on a bread board or chassis, and this is often 
its earliest form in the laboratory. In its final functional 
form, it is usually composed of the building block units, 
many of which have a plug-in feature. Each computer 
operation requires one or more building-block units. 
As a rule, the term “unit” by itself, is used when discuss- 


73 

























































Fig. 5 





Sy RE TE: |S REGIS + > 


ing any removable subassembly computer building block. 

The designer will find that standard components can 
be used to handle almost any computer design problem 
that comes up. However, he is never confined to the 
modified 
standard units or have special units made up if a non- 


standard units exclusively. He can employ 


standard unit results in greater effectiveness or simplicity. 
In fact, there is no reason why digital techniques cannot 
be used at times for specific advantages.* 

In Fig. 3. some of the prominent computer components 
are depicted in symbolic form. These diagrams together 
with the definitions presented below will aid an under- 
standing of what devices are available to the control 
designer. The representations given in Fig. 3 are substan- 
tially as they would appear on a simplified schematic 
diagram for a complete computer circuit. 

Summing Amplifier. A summing amplifier has the 
property of furnishing an output voltage whose value is 
substantially equal to the negative of the algebraic sum 
of several voltages applied to the amplifier input. For 
the most part. it is a conventional, high-gain, linear 
audio amplifier. It is used with an input network consist- 
ing of several high-value parallel input resistors, and a 
single high-value feedback resistor. This input network 
is not a part of the summing amplifier proper, but is 
part of a “unit plug.” described below. This practice 
of separating the input network (which defines the 
summing amplifier operational characteristics) from the 
amplifier, permits several identical summing amplifier 
units to be used for varied applications. 

The schematic diagram for a summing amplifier to- 
gether with a suitable unit plug is given in Fig. 4. 
Each input voltage is multiplied by a factor equal to 
the ratio of the feedback resistance Ro to the input 
resistance associated with that particular input, R,, R), R, 
or Ry. Thus, a summing amplifier changes the sign, mul- 
tiplies by a constant value and then sums each individual 
product of input voltage times its scale factor coefficient. 


*See “Adapting Digital Techniques for Automatic 


Controls"’, Parts I and II, 
EvecrricaL Manvuracrurtnc, Nov. and Dec. 1954. 
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Unit plug converts standard servo units for special applications. This bracket-type unit 
plug contains bracket, receptacle and a fiber terminal board on which is mounted the special 
components, including a trimmer potentiometer. (Link Aviation, Inc.) 








Fig. 6—Modulators convert 
d-c signals from sources such 
as thermocouples into a-c 
signals of proportional am- 
plitude. Shown here is the 
vibrator-type modulator or 
chopper. (Brown _ Instru- 
ments Div., Minneapolis- 
Honeywell) 





Fig. 7—Miniature motor and 
synchro control transformer. These are 
indicative of the lower limits in the 


size of rotatable servo components. 


servo 
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The scale factor is equal to the ratio of the feedback 
resistance divided by the input resistance. Output voltage 
E,, is equal to the negative sum of each input voltage. 
times the ratio of the feedback resistor to the input 


RE RUE RUE 
nS REM) 
R Ry R 


Note that whenever the input resistance is equal to the 


resistor. or: 


feedback resistance, the coefficient is unity. If each input 
resistor is equal in value to the feedback resistor, the 
output voltage E, is simply equal to the sum of the 
input voltages with the sign reversed. Subtraction is 
accomplished in the same manner as summing. after 
first changing the sign of the subtracted quantity. The 
sign-changing operation can be performed by means 
of another summing amplifier of unity gain. Unity gain 
summing amplifiers are often used to isolate various 
components, such as potentiometers and resolvers. to 
prevent errors due to loading. 

It is obvious that changing the value of the feedback 
resistor changes the gain. This characteristic makes it 
possible to use a summing amplifier for function genera- 
tion. For example, the feedback resistor may be a 
potentiometer activated by a servomechanism: or there 
may be a number of feedback 
automatically switched in at a pre-determined input volt- 


resistors. each one 
age by means of suitably biased series diodes. 

Servo Amplifier. Servo amplifier units are the high 
gain, low-phase-shift power amplifiers used to drive 
that 
activation. Sometimes, these amplifiers power relays and 
thermal elements. Magnetic amplifiers are widely applied 
for this with or without pre- 
amplifiers. These units can also use the unit-plug method 


the servomechanisms accomplish most computer 


purpose, vacuum-tube 
of meeting each specific application requirement. The 
unit plug would contain the specific input constants, 
coupling capacitors, phase-shift correcting networks, at 
tenuators. etc. This would permit identical servo amplifiers 
to be used throughout the computer. 
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Unit Plugs. Unit Plugs are used to convert “common” 
units into special units, as is frequently required. Am- 
plifier-type units. including summing amplifiers. servo 
amplifiers. discriminators, detectors and modulators, 
can for the most part be pre-set for the varied applica- 
tions. However. it is usually necessary for variables 
such as gain. coupling stability and bias. to be of a 
specific value in a particular application. Rather than 
use a special custom-made unit in each case, the electrical 
components peculiar to the application are placed on 
the unit plug. This permits a universal-type amplifier 
unit to be used, simplifying design, service and pro- 
curement. 

The unit plugs are, therefore, electrically unique, but 
mechanically common. The bracket-type unit plug, pic- 
tured in Fig. 5, contains the bracket, receptacle (or 
plug) and a fiber terminal board on which is mounted 
the components and trimmer potentiometer. When the 
unit plug is the termination of a flexible cable. the fiber 
terminal board is mounted onto the plug. In addition 
to matching units to specific requirements, the unit 
plugs provide the connections for input signals. output 
load. filament and plate power, reference voltages and 
grounds. 

Discriminator Units. These are also known as phase 
detectors. They are commonly used to detect the ampli- 
tude diflerence between two input signals, and to actuate 
a built-in relay if one signal exceeds the other or a refer- 
ence-voltage level by a determined amount. The input 
voltages must be opposite in phase. These units can be 
used whenever it is desired to introduce a circuit change 
at a particular chosen condition. For example, they 
are frequently used as limiters to fix the maximum 
level of a signal. As the discriminator is substantially 
a relay preceded by a vacuum-tube amplifier, it too 
can be used with a unit plug to set the sensitivity and 
reference points. 

Linear Detector. Linear phase detector units are used 
to convert a-c computer signals to a proportional d-c 
signal of phase-controlled polarity, as required for the 
operation of d-c instruments. magnetic amplifiers and 
other d-c components. It is essentially a full-wave signal 
rectifier with necessary amplifier stages. Unit plugs can 
also be used with these units. 

Modulator. A modulator converts d-c signals, such 
as those originating in a thermocouple, to a-c signals 
whose amplitude is proportional to the amplitude of the 
d-c signal and whose phase is controlled by the signal po- 
larity. In computer work, it is usually a vibrator, vacuum 
tube modulator or a ring modulator using germanium 
diodes. Vibrator-type modulators are sometimes called 
choppers or converters. Fig. 6 shows a chopper modulator. 

Servo Shaft Units. Servo shaft units consist of a servo 
motor plus the associated drive gearing and rotatable 
components. A typical servo shaft unit contains a limit 
stop. These units are seldom purchased ready to use. 
Rather. they are made up by the vendor to meet the 
specific servo-shaft requirements from stocks of standard 
gears. hardware and electrical components. The basic 
plug-in servo shaft unit is therefore a plug-in housing. 
the contents of which are the designer’s choice. 

Power Supply Units. Power supply units are used to 
convert line power into the voltage needed for either servo 
amplifiers or other purposes. In some cases, power supply 
units are not required at all. Each unit that requires 
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power may have its own built-in selenium rectifier and 
filter, supplying its own d-c plate power from a common 
a-c bus. The filament power comes from a low-voltage 
bus. 

Special-Purpose Units. The removable-unit type of 
construction is also used for special purpose sub- 
assemblies. mainly for the convenience of servicing. 
Typical special purpose units are: relay units or banks 
of plug-in relays on a unit style chassis, used for data 
transfer, programming, sequencing, etc. ; function gener- 
ators; recorders; instruments; manual controls; in- 
dicators; and frequency standards. 

Rotating Components. Developing a computer from 
packaged building-block units makes it unnecessary for 
the designer to greatly concern himself with the common 
electrical components, such as capacitors, resistors, tubes 
and hardware incorporated within the package. The 
rotatable components that make up the servo shaft 
units are always of primary importance, however. These 
include potentiometers. resolvers, synchros, motors, 
generators, cams, gears, differentials and limit switches. 
As a rule, the manufacturer of the servo amplifier unit 
specifies what servo motors can be used in conjunction 
with it. With the characteristics of the servo motor 
known, the proper gear trains and permissible maximum 
load can be determined. Descriptions of the four major 
rotatable components follow: 


Potentiometers. The precision type of potentiometer 
used in computers is a shaft-controlled voltage divider, 
used mainly for multiplying purposes. It is commonly 
used to multiply by constants, variables, integral powers 
and roots; and to divide by constants and variables. It 
is also commonly used for servo shaft positional feed- 
back. The usual type of linear potentiometer is wound so 
the output voltage is directly proportional to the dis- 
placement of the wiper arm from the grounded terminal 
of the coil. The excitation is customarily applied across 
the entire winding. Center tapping and grounding the 
center tap of the potentiometer results in having the 
output voltage sensitive to the direction of the shaft 
rotation, as well as being proportional to shaft rotation. 

The function-generating-type of potentiometer is used 
whenever it is desirable to have an output voltage as a 
function of the shaft rotation. The accompanying table 
lists some of the many functions that can be developed 
by function generating potentiometers. In most cases. 
potentiometers require a high impedance load so that 
their accuracy will not be affected by loading. 

Servo Motor. This is a two-phase induction motor 
having two field windings: one called the fixed or 
reference field and the other, the control field. The 
fixed field is energized directly by the line, and the 
control field is energized by the output of the servo 
amplifier. The servo amplifier polarity and amplitude 
affect the servo motor direction of rotation and speed. The 
servo motor is commonly connected to the load through 
a gear train. For stability, reducing time delay or in- 
creasing time delay, a feedback voltage from a servo 
generator is commonly induced into the servo-amplifier 
input circuit. Fig. 7 illustrates the miniature size achieved 
in some servo-motor designs. 

Servo Generator. This is a two-phase induction type 
generator similar in construction to the servo motor. 
One field is energized directly from the line. The voltage 
and polarity across the generator field is proportional 
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Typical Functions Developed 
by Non-Linear Potentiometers 











Function Potenti- 
Shaft tolerance ometer 
angle, (maximum resistance, 
deg Function per cent) | kilohms 
180 | sin @B—180° + 19 
120 | sec 0(@=+60°) | +1 10 
110 | R=Tan 6 +9 20 
110 R =Sec? 6 +2 20 
110 R =Sec 6 +Q 12.5 
300 CSC @(15°—165°) +3 15 
300 | R -int +9 15 
180 | @=R? +3.5 5 
180 R=K (+6) +1.5 25 
180 | @KR?(K=10) +3.5 5 
174 | R=C@ =1 10 
270 | R=¢ =4.5 2 
310 %AR= & +1 20 
281 | 1 cycle log +1 3.6 
310 2 cycle log +=1.5 10 
310 | 3 cycle log +3 10 
315 | 3 cycle anti-log +=3.5 





(Above data from Fairchild Camera & Instrument Corp.). 


to its driven speed. Servo generators are commonly 
used for feedback stabilization of dif- 
ferentiation. 

Timing Motors. These are two-phase induction motors 
operating at constant speed. The total number of revolu- 
tions is proportional to the amount of operating time. 
Direction of rotation depends upon the polarity of 
the applied voltage. They are commonly used as timers 
and as integrators of elapsed time. 

Computer Activation. Computation is essentially a 
dynamic process, requiring activation of the computer 
elements. While electromechanical activation of servos is 
the most common, other methods may sometimes result 
in greater simplicity or reliability. Manual activation is 
used whenever an operator sets a dial as an active part 
of the computation process. It does not include the manual 
pre-setting of constants. Manual activation is often com- 
bined with the electromechanical mode for greater flex- 
ibility. 

When manual activation is used solely. the result is an 
“electric slide rule.” This simple arrangement, using 
mainly potentiometers, a battery and a nulling meter, 
gives many computer benefits for small design effort and 
cost. While it is not automatic, is has a strong place in 
machine control design. 

The standard method of automatic activation is electro- 
mechanical, using servos. The ubiquitous servo is the 
heart of the usual automatic control computer, which is 
therefore often called a servo computer. Computer servos 
are used for many purposes such as in translating voltages 
into shaft positions, introducing time delays, differen- 
tiation and integration. A positional servo customarily 
consists of the functional assembly of a servo amplifier 
unit, motor, generator (if used for damping), positional 
feedback component (usually a potentiometer or synchro), 
and the associated circuitry. It develops an angular shaft 


servos or for 
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position proportional to the control signal. It is usually 
used to position a component or indicator, either locally 
or at a remote location. 

A rate (velocity) servo is physically quite similar to 
the positional servo in its most common form. It also 
is the functional assembly of a servo amplifier unit, motor 
generator (for rate feedback in this case), and other 
components. The synchro or potentiometer is used only 
when positional feedback or reference is also required. 
The rate servo develops a shaft rotational velocity propor- 
tional to the control signal. As the sum total of the rate 
servo shaft rotation during any elapsed time is propor- 
tional to the integral of the input signal voltage, it is 
commonly used as an integrator. 

A timing servo or timer is the functional assembly of 
a constant speed motor with control switches, limit 
switches and associated circuitry. It is not actually a 
servo at all, from a strict engineering viewpoint, though 
it may have a form of positional feedback, via limit 
switches. It is. however, customarily classified by com- 
puter designers as a servo shaft. 

For convenience, it is the policy in computer design 
to identify a servo shaft by its control signal. For example. 
suppose a computer makes use of the variables h, repre- 
senting the temperature of a process as sensed by a ther- 
mocouple and ¢, representing the total time of a discon- 
tinuous process. The positional servo with fh input is 
called the h servo shaft, or just h shaft. The timing motor 
servo with ¢ input is called the ¢ servo shaft, or ¢ shaft. 

Where a shaft represents a computer output, it is iden- 
tified by the computer symbol. Assume that a computer 
solves the equation, volume = height length * width. 
It would be known as the volume or V computer, and its 
output servo shaft called the V computer shaft or simply. 
V shaft. 

Ordinarily, a servo designer is most concerned with 
servo system static and dynamic errors, stability, tran- 
sient and steady state harmonic responses and other per- 
formance criteria. The computer designer is freed of most 
of these problems, due to the pre-design of the servo units. 
He usually can tolerate the errors specified by the manufac- 
turer, so he seldom works at the higher servo orders of 
control. The usual 10-cycle response of a computer servo. 
and the built-in damping are ample for most all industrial 
computer applications. Of course, the computer designer 
must accommodate the computer system and scale factors 
to the servos he uses. 

There are some other less-common modes of computer 
activation. Thermal activation is a relatively new tech- 
nique. It gives promise of being inexpensive. compact and 
reliable. It is especially suitable for time integrations. and 
for generating exponentials. Mechanical activation is the 
earliest method and depends on levers. capstans, clutches. 
cams, etc. It is not as flexible as electrical methods, but 
where it can be economically justified. it makes a satisfac- 
tory computer. Pneumatic activation is used in the process 
industries but as yet has not been applied to the control 
of industrial machinery. Hydraulic systems. while used 
extensively for power servos. have not been used for com- 
puter activation. OOC 


The second and concluding part of this article to appear in the 
September issue of ELECTRICAL MANUFACTURING will describe in 
detail how servos perform fundamental mathematical operations. 
In addition, a step-by-step guide to the design of actual computer 
controls for industrial equipment will be proved. 
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Electronic Circuit Packaging 
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P. R. Mattory ann Company, Inc.7 
Indianapolis, Indiana 


A basic system of design applicable to automatic component assembly has been 


developed as part of a Signal Corps contract. Four basic packages 


are described. General principles dealing with printed wiring construction, 


thermal adequacy, and physical requirements for ruggedness are analyzed. 


THE SIGNAL CORPS’ SYSTEM OF automatic circuit fabrica- 
tion termed Auto-Sembly is based on: (1) prefabricated 
wiring, (2) reliable components, (3) rapid assembly, and 
(4) suitable circuit packaging. Part of the Signal Corps 
development program is to provide basic systems of design 
for circuit packaging and for integration of printed 
wiring assemblies. The following discussion is based on 
the results obtained from an investigation conducted 
under a Signal Corps contract with P. R. Mallory and Co., 
Indianapolis. (1 )* 

The packages were required to withstand vibration of 
0.06 in. total excursion over the range of 10 to 55 cps 
and to meet the Signal Corps moisture resistance test for 
components. Maintenance requirements were for the pack- 
ages to be fully repairable, partially repairable, or ex- 
pendable. The systems of packaging evolved were inves- 
tigated as applied to typical r-f (54 me), i-f (4.3 me). and 
a-f circuits. 

Four basic packaging systems are illustrated in Figs. 
1 through 5. Research was carried on to develop methods 
for meeting general requirements for ruggedness, climatic 
protection, and thermal adequacy. Much of this work has 
been formulated into principles suitable for direct applica- 
tion to the design of equipments of various kinds employ- 
ing printed wiring. By experimental application of these 
principles to the several package types certain specific 
techniques were evolved and unique devices developed to 
achieve the desired characteristics. 

General Principles 

Ruggedization. Flat-card printed wiring construction 

employs one of these four methods of support: cantilever, 





* Italic numerals in parentheses apply to Cited References at end of article 
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hinged-hinged, clamp-hinged, or clamped-clamped (Fig. 
6). The construction most generally employed in typical 
plug-in packages approximates the cantilever type. From 
a ruggedization standpoint, however, this method of sup- 
port is the least desirable. Moreover, it is oftentimes not 
adequate if card lengths greatly in excess of 2 in. are 
required. Cantilever mounted cards longer than this may 
approach resonance and therefore magnify the vibration 
amplitude when subjected to a standard 55-cps vibration 
test. Since card lengths greater than 2 in. are normally 
desired, one of the other three methods of card support 


should be selected; the best is a clamped-clamped type of 
support. 


Considering the maximum induced accelerational forces 
on a mass resulting from applied vibration in a single 
degree of freedom, it may be shown that: 

1. If the mass is rigidly supported: 
Qa =a== y (2 f.)? 


2. If the mass is compliantly supported: 


=- \ tf 
Where, 
a, = acceleration due to the applied vibration, in./sec? 
a; = induced acceleration, in./sec? 
v = deflection or amplitude of vibration, in. 
fa = applied frequency, cps 
f, = resonant frequency, cps 


¢ = compliance, in. /Ib 
m = mass, lb - sec?/in. 





+ Now with Tammen and Dennison, Consulting Engineers, Chicago. 














Fig. 1 (Type “A”)—A single-card type of printed wiring as- 
sembly was selected as an appropriate initial design for further 
evaluation and development and as a suitable basis from which 
to evolve other package types and integration systems. This 
familiar type was designed to satisfy the maintenance require- 
ments of a fully repairable package by so spacing the com- 
ponents as to permit their replacement. Interconnection be- 
tween packages is affected by plugging them into receptacles 
mounted on a printed wiring chassis. Printed-wiring side is 
shown at right. 


Fig. 2 (Type “B”)—An analysis of the “A” type package in- 
dicated that approximately 40 per cent of the package weight 
and 15 per cent of the package volume is in the plug and dust 
cover. By redesigning the package to eliminate the plug and 
dust cover an improvement was achieved in the weight and vol- 
ume efficiencies. This multiple card-type assembly has some- 
what greater dimensional flexibility. It is considered a limited 
repairable type since only the tubes are readily replaceable. 
Interconnection is made by a printed wiring chassis which 
receives the terminations on the edges of the package decks. 
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Fig. 3 (Type “C”)—Package types “A” and “B” both require 
circuit terminations along card edges. The “A” type has all 
terminals at one end of the single card. The “B” type has ter- 
minals along the edge of two cards. Distributed contacts on 
the face of a single-card type package is the prime feature of 
the package type shown here. This type of construction pro- 
vides a rugged mechanical package which also lends itself to 
increased thermal requirements. 


Fig. 4 (Type “D”)—Dimensional flexibility to a certain degree 
is provided by the type “B” design (Fig. 2). However, a stacked 
cascaded system of decks, such as this, interconnected mechani- 
cally and electrically by spring pins passing through eyelets 
in the decks, provides greater geometric design flexibility. 
Depending upon design, maintenance may be accomplished at 
the deck level or at the component level. Individual decks 
are readily removable. Decks may be designed to bear a com- 
plete circuit stage or components having similar life expectan- 
cies may be grouped together on a deck to facilitate mainten- 
ance. 


Fig. 5—A method of integrating the Type “D” 
shown here. 


package is 
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T=11 (%=1.1y) 


Contilever i ¢{ = \% in. thick paper-base phenolic card 
(card) = 1.8(10)* psi 
g = 386 in./sec? 


u = 0.012 + 0.003 = 0.015 lb/in.? 


Where, 
Ya = amplitude of applied vibration, in 


vi; = amplitude of induced vibration, in. 


frequency of applied vibration, cps 


Hinged- hinged 


Clamped-hinged =15, T = transmissibility, vi /V. 


tf = card thickness, in. 
ky = modulus of elasticity of the Auto-Sembled card, psi 
q = gravitational constant, in. /sec? 

u = unit loading (components hardware and card), psi 


Clamped-clamped 

Required : 
The maximum permissible length of an Auto- 
Sembled card, cantilever mounted. 


ai y j Solution: 
Fig. 6—Analysis of four methods of card support. A, is a con- 
stant, depending upon type of support. l 
= (1) 
I GalkF 
- 55 (2) 
f = = = 183 eps 
| Y | | | | l 
| | Vi-- wWi- 
| | T pal 
1 ar 
| (3) 
Qa E1lgq 
\ 


W DL 


| 2 EK BB 4 
fate L = C ) ( ~) (4) 
Me 7 . : Buf 


Fig. 7—Amplitude response of a 


vibrating card in circuit package. + 71.810) (46)* (3860)\! 
18 (0.015) (183) 
L = 1.7 in. maximum permissible length 


Fizure 7 shows the amplitude response or maximum 


deflection as a function of f,//,. To obtain the condition Where, 
indicated by the far right portion of the curve requires f, = resonant frequency i 
the use of a very compliant support. Three of the dis- A, constant, depending upon type of support (Fig. 6) 
advantages often encountered with this type of support L = maximum theoretical permissible card length. 
are (1) large volume to permit relatively large deflections It should be noted that the modulus of elasticity E for 
between the mass and its support: (2) complicated struc- the paper-based phenolic card is about 1.2 x 10%. How- 
tures to provide the necessary degrees of freedom: and ever, in the assembly the stiffening caused by the addition 
(3) generally poorer heat transfer conditions. Therefore of the components and solder-dipped prefabricated wiring 
it is preferable to use relatively rigid mountings. This has to be taken into account. This was found to vary 
condition is shown by the left portion of the curve. Since over a range of 15 to 85 per cent for a 14 ,-in. thick card. 
the induced accelerational force increases rapidly as Thus a median value of 50 per cent was selected and 
resonance is approached it is necessary to limit this added to the modulus of elasticity to give the value of 
amplification of force to a reasonable value. 1.8 x 10% If the majority of the components are 
The packages considered were designed for an amplifi- mounted crosswise with the card, the 50 per cent factor 
cation (transmissibility) factor of 1.1 at the 55-cps top should be decreased; the exact value is not required since 
vibration frequency. The maximum permissible card the fourth root of the term is employed. 
lengths may then be calculated for the four methods of Equation (4) has been worked out and results plotted 
support by using a form of the general formula for finding in Figs. 8 and 9 for two types of support to facilitate 
the resonant frequency of a transversely vibrating uniform application to equipment design. A stiffening factor of 
beam together with a form of the transmissibility 50 per cent was used in computing the curves for the 
formula. (2) An example of this calculation for a canti- \4 g-in. cards, and 25 per cent for the 14-in. cards. 
lever supported printed wiring card is shown below. Thermal Adequacy. The basic principles of obtaining 
Given: satisfactory thermal adequacy may be summarized as fol- 
Ye = 0,030 in. (total excursion 0.060 in.) lows: The total equivalent thermal resistances from all 


fa =55 cps components of a system to the thermal sink or environ- 
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loading , psi 
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Card length, in 


Fig. 9— 

Cemponent loading 

vs maximum permissible 
card length for 
clamped-clamped support. 


0.030 


loading , psi 


Component 


ge 
meAo 


ment should be low. That is, adequate conduction, con- 
vection, and/or radiation should be provided for the 
transfer of heat from a system of components, such as a 
package, to the thermal sink or environment. Within the 
system or package, thermal resistances from heat-gen- 
erating components to the thermal sink should also be low, 
and thermal resistances from heat-generating components 
operating at elevated temperatures to components rated 
at lower operating temperatures should be high. In this 
study thermal characteristics were based upon steady- 
state measurements and estimates of packages utilizing 
capacitors rated at 85 C, resistors rated at 125 C, sub- 
miniature tubes rated to operate at about 160 C, and base 
materials rated at about 125 C. 

In most circuits, the tubes are the principal heat-gen- 
erating components and their operating temperatures 
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generally exceed the permissible operating temperatures 
of the majority of the other components. Therefore. 
thermal adequacy begins with tube location and mounting. 
It is generally desirable to isolate the tubes from the other 
components. This may be accomplished by locating them 
at a distance from the components that have the low- 
est permissible operating temperatures. The introduction 
of thermal insulating material between high operating 
temperature components and lower operating temperature 
components is often detrimental since the thermal re- 
sistance of air is many times greater than the thermal 
resistance of typical insulating materials. This is espe- 
cially true in the case of subminiature assemblies where 
radiation is not the primary mode of heat transfer and 
where voids are small and do not permit efficient con- 
vection, 
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The importance of adequate thermal design in minia- 
turized equipment cannot be over-emphasized. At present, 
thermal adequacy of miniaturized assemblies is usually a 
trial and error proposition. An assembly is fabricated and 
then tested to see if it satisfies thermal requirements. A 
method of reducing some of the trial and error in thermal 
design is shown in the following paragraphs. The use of 
this method should allow designers to estimate the thermal 
adequacy of an assembly prior to fabrication. 

Thermal adequacy of a system may be estimated by 
employing a simplified thermal circuit based on the elec- 
trical analogy of an RC network where R represents total 
equivalent thermal resistance, C thermal capacity, EF is 
analogous to temperature difference t, and current / is 
analogous to thermal power P. In the steady-state con- 
dition it is npt necessary to consider thermal capacity and 
C may be neglected. 

Analogs for the simplified thermal circuit and the cor- 
responding electrical circuit are given in Fig. 10. The 
thermal adequacy of a package or the integration of given 
power dissipation, or both, may be determined by sketch- 
ing a thermal circuit, approximating the thermal resist- 
ances, and solving this circuit for critical component 
temperatures. For small temperature differences the 
thermal resistance R can be considered a constant, but 
for large differences, R is a function of t. Consideration 
of this fact should be made when determining R which is 
the total equivalent thermal resistance developed by con- 
duction, convection, and radiation. Values of R may be 
determined with the aid of various tables, curves, or 
formulas. 

The package diagrammed in Fig. 11 (which employs a 
metal dust cover) provides an example. The design may 
be separated into as many sections as may be necessary 
to determine the individual temperatures. Although every 
component could be considered, this would not generally 
be necessary. A sectional breakdown is shown in Fig. 12. 
Thermal resistances were obtained by means of tables and 
formulas as follows: 


Deg C per watt 


R1-2 (between tube block and high cover) = 1.39 
R1-4 (between tube block and high card) 10 
R2-0 (between high cover and ambient) 9.1 
R3-0 (between low cover and ambient) = 9.1 
R2-3 (between high cover and low cover) = 3.45 
R4-3 (between high card and low cover) = 100 
R5-3 (between low card and low cover) : & 
R4-5 (between high card and low card) == 220 


The wattage dissipated by the components, exclusive 
of the tubes, is negligible; and the total wattage dissipated 
by the tubes is 8.5 watts. An approximate thermal cir- 
cuit for the package design of Fig. 11 is shown in Fig. 13. 

This circuit is then solved in a conventional manner 
by a system of simultaneous equations. Assuming the 
environmental temperature to be 31 C, the temperatures 
of the sections are calculated to be: 7, = 87 C, 
To = 75C,T, = AC, T,—84C, andT; = 66C. If 
certain component temperatures had been calculated to be 
higher than the temperature ratings for these components, 
it would have been necessary to employ methods that 
would lower the temperatures of these critical components 
or to employ components of higher temperature rating. 

Six simultaneous linear equations were required to 


solve the thermal circuit shown in Fig. 13. As may be 
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Fig. 10—Analog of electrical and thermal circuits. 
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Fig. 11—Schematic for a basic cireuit package design. 
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Fig. 13—Schematic of thermal circuit in circuit package. 
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Table I—Thermal Resistivity 
of Metals, Alloys and Nonmetals* 








Thermal resistivity (r), 














Material deg C-in. /watt 

Aluminum 0.192 
Cadmium 0.437 
Copper 0.100 
Gold (pure) 0.134 
Lead 1.15 
Magnesium 0.248 
Silver 0.095 
Steel (mild) 0.690 
Steel (hard) 0.877 
Tin 0.672 
Zinc 0.368 
Brass (60-40) 0.330 
Bronze 0.568 
Nickel silver 1.06 
Phenolic laminate (paper base) 185-118 

(glass-fabric base) 185-118 
Ajit (paths up to about 0.4 in. long) 1260 





"Source “Introduction to Heat Transfer," Brown and Marco.(4) 


apparent, an immense amount of time would be required 
to solve more complex thermal circuits, such as might be 
encountered when analyzing a complete system or when 
there are several components whose operational tempera- 
tures are desired. In such cases it is desirable to employ 
a computer to solve for the various temperatures. 


B. Cylinder and plane 


in.(4 +V(2F-1 ) 


Example: Air 

r =1400C-in./wott, 

Let 4=0.085 in., a0=0.075 in., 

ond 4=0.40in 

Then 

1400 in. (1.135+V1.285-1) 
0.87 

A= 283C /wott 

if A>4a 





R- 


r ino 


27L 


Exomple: Air 
r= 1400C-in./wott ; 


Let A=0,625 in a=0.075, 
ond 4=0.40 
Then 
1.250 
1400 in 2-232 ) ee 
: - =1 a 
R o§7 w 
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A. Parallel surfaces of infinite extent 





A simple resistance network analog computer was thus 
made and found to be satisfactory. The thermal circuit 
may be converted to an equivalent electrical circuit in a 
simple resistance analog computer where voltage differ- 
ences are equivalent to temperature differences; electrical 
resistances are equivalent to thermal resistances; and cur- 
rents are equivalent to thermal powers. For example, if 
0.1 volt is made equivalent to 1 C, and 100 ohms is made 
equivalent to 1 C/watt, then 1 milliamp is equivalent to | 
watt. Temperature analyses may readily be made by 
simply measuring the potential difference between the 
location in question (that is, the component) and ground 
(ambient) and converting this voltage measurement to its 
equivalent temperature. 

The method of thermal analysis indicated above, includ- 
ing use of the electrical analog computer, makes use of 
equivalent thermal resistances which must be calculated or 
approximated for the particular assembly. Thermal re 
sistivities of various representative materials are shown 
in Table I. Table Il gives formulas for calculating the 
thermal resistances associated with certain specific geo- 
metric shapes. An example of the calculation of the 
thermal resistance between parallel surfaces is also in- 
cluded. Certain specialized configurations are treated in 
Cited Reference (3) which also includes data in conven- 
ient chart form. 


Experimental models of each of the four basic package 


types were designed, fabricated, tested and evaluated. 
These data were then used to improve the design of sub- 


sequent models. The basic package types to be discussed 
are the result of this evolutionary process and are desig- 


pated os “A”. “SE”. “CC”. end “i”. 


as noted. 
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Table il—Calculation of Thermal Resistances Associated with Geometric Configurations 


Example: 


Phenolic laminate 
Thermal resistivity = 140C-in/ watt; 
Let ZL= lin. and $=0.062 sq in 


Then A=140x 1/0.062 = 2260 C/ watt 


C.Cylinders of different radii 


per ( riertutt)) 9 


d*-of -05 
20s 





Example: Air 
r = |19400C-in/ wott ; 
Let a,=0.075in, 02 =0.25in., £+0.7 in, 
and d=\lin. 
Then, 


a \-0.0056-0.0625 _ 24.8 
0.0375 


1400 In(24.8+ 24.8) 
1.4 7 


R =1240C/watt 
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Fig. 14 


with coaxial connectors, dust cover. 


Receptacle, packaging plug Fig. 15—An 


type “A” 


Applications 


Type “A~ Package. The package already illustrated in 
is a r-f circuit (54 me) of low heat dissipation 
consisting of a 2-stage amplifier (two 5678 tubes) and a 
converter stage (2-G-21 tube). Ruggedness requirements 
were met with a card length of 4.6 in., by using a 
positioning spring to support the free end of the card 
and to bias it against stand-off buttons. The buttons pre- 
vent the shorting of the wiring to the case. This method 
of supporting the free end of cards is adaptable to many 
card-ty pe plug-in packages and will generally permit card 
lengths to be increased at least three timesover that pos- 
sible with single-end support. 

Ease of maintenance at all repair levels was a para- 
mount requirement; size and weight considerations were 
secondary. All components were spaced to allow ready 
replacement without disturbing adjacent parts. A novel 
type of retainer was devised for the subminiature tubes. 
It can be easily released to remove a tube, yet provides 
satisfactory support against forces as high as 50 g. The 
integration plug that supports the card also bears the 
cover-retaining springs. When depressed, these springs 
allow the dust cover to be removed. The spring on the 
end of the card assists in the removal of the cover. The 
integration plug also bears the subminiature plug-in type 
coaxial connector used on the type “A” r-f package (Fig. 
14). modified from a commercial type. 

The packaging plugs, receptacles and sockets were de- 
veloped on another Signal Corps contract (5) with P. R. 
Mallory and Co. Figure 1 also shows the 50-ohm printed- 
wiring line leading from one coaxial connector to the 
input circuit. The dimensions of this line for 4 -in. 
thick double-foil clad phenolic are as follows: outside 
conductors °s.5 in. wide, conductor spacing 4» in., center 
conductor *». in. wide. Closer spacing between the lines 
or a higher-dielectric material results in a lower impe- 
dance while a higher impedance is obtained with narrower 
conductors. The second coaxial connector serves as a 
to the external oscillator circuit. Fig. 15 
shows the integration of three type “A“ packages. 

An a-f amplifier packaged in the type “A” system is 
shown in Fig. 16. A voltage-amplifier stage with a 5840 
tube, an amplifier-phase-inverter stage with a 6-BF-7 tube. 
and a push-pull power amplifier stage with two 5902 tubes 


connection 
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integration method for 
packages (see Fig. 1). 


Fig. 16—Type “A” 


a-f package. 


comprise the amplifier. A low thermal-resistance path is 
provided from the heat-generating components to the 
package cover and to the integrating case. Four machine 
screws fasten the integration case, the package case, and 
the package thermal plate together to provide a rugged 
assembly. It is not possible to achieve physical contact 
over the entire area of the facing surfaces, therefore the 
thermal resistances of the four direct pressure contacts 
established by the screws are in parallel with the thermal 
resistances of the air gaps between the facing members. 

The value of these resistances will depend upon the 
area and flatness of the contacting surfaces. Analyses and 
calculations based on a 6-in. square heat plate on a 
package that dissipates 18 watts indicate that almost 90 
per cent of the heat is conducted through an assumed 
0.002-in. air gap and only 10 per cent through the four 
pressure connections. Heat-generating components, tubes 
and cathode resistor, are located on the thermal plate. 
The temperature-sensitive components, such as electro- 
lytic capacitors, are located at the opposite end of the 
printed wiring board. 

Small subassemblies of resistors were mounted upright 
to utilize efficiently the vertical height determined by the 
dimensions of the larger components, for example, electro- 
lytic capacitors and tubes. Component spacing was such 
as to provide a package maintainable at the component 
level. 

Type “Bb” Package. A type “B” audio package was 
shown in Fig. 2. This is the same a-f circuit previously 
packaged in the single-card “A” type package (Fig. 16). 
Two printed-circuit component-bearing cards and two 
printed-circuit connective side panels are used. 

Electrical connections and mechanical support between 
the component-bearing cards and the side panels are pro- 
vided by lugs on the decks soldered into eyelets on the 
side panels. The side panels bear the printed-wiring inter- 
deck connections. Fig. 17 shows how individual packages 
are integrated into a unit within a protective case. As 
with other packages a protective coating of varnish was 
applied to the cards after the removal of surface con- 
tamination. Cards were cleaned with alcohol followed by 
a distilled water rinse, then washed in a detergent, rinsed 
with distilled water and oven dried. Two coats of varnish 
were applied, with oven drying between coatings. All 
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coatings serve mainly to keep surfaces free of contami- 
nation. 

Thermal adequacy in the type “B” a-f package is ob- 
tained by the use of a heat plate to which the tubes and 
final stage cathode resistor are attached by clips. This 
plate then attaches to the integrating case by machine 
screws in a manner similar to that used in type “A” 
package. Volumetric integration was effected by fixing 
two dimensions of the type “B” packages and allowing the 
third dimension to vary. The elimination of individual 
plugs and protective covers served to increase the weight 
and volume efficiencies. 

This type of package may be considered a limited re- 
pairable type. Only the tubes may be conveniently replaced 
in the designs illustrated. Packages may be removed 
from the integrating chassis by applying tension to one 
end of the package and then successively spot unsoldering 
the compliant link terminals. 

Type “C” Package. The a-f circuit in the type “C” 
package shown in Fig. 3 is of single-card construction but 
with some differences when compared to type “A”. All 
electrical connections may terminate at any point on the 
bottom of the package instead of being confined to one 
end. A particularly rugged clamped-clamped mechanical 
assembly is formed. Components are protected by the 
dust covers retained by the mounting screws attached to 
the metal frame. This frame also bears the printed- 
wiring integrating chassis. Button-type stud contacts 
staked on the printed-wiring card provide electrical con- 
nections to cantilever spring contacts eyeletted on the 
integrating chassis. As in the “A” type package, the heat- 
generating components are attached to the thermal plate 
by clips and the electrolytic capacitors are placed at the 
other extreme of the card. Figure 18 shows the inte- 
grating chassis with the heat plate (the audio package has 
been removed). This provides a low thermal resistance 
from the package to the metal integrating frame. 

Advantage in circuit layout is achieved by using the 
distributed type of connection. No particular wiring de- 


Fig. 17—An integration 
method for type “B” 
packages (see Fig. 2). 
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Integration of type 
packages (see Fig. 3). 





sign or efforts to avoid circuit crossovers need be made 
to obtain circuit terminations at particular points, such 
as the end of the printed-wiring card in the “A” type, or 
along the card edges in the “B” type. A small subassembly 
consisting of an edge-mounted printed-wiring card bearing 
resistors utilized the height required by the tube sockets 
and thus improved the volumetric efficiency of the pack- 
age. Component spacing is such as to make replacement 
of components practical. Since tube sockets were em- 
ployed the package may be considered fully repairable. 

Type “D” Package. This type consists of a mechan- 
ically cascaded configuration particularly useful where 
three-dimensional flexibility, maintenance at the deck or 
stage level, and ease of assembly are desired. Fig. 19 
shows a three stage 4.3 mc i-f amplifier. The rolled spring 
pins, made from thin stock, pass through the eyelets in 
each printed-wiring deck and provide mechanical rigidity 
and electrical interconnections between decks. They also 
provide connections to integrating circuitry on either one 
or two integrating chassis. Phenolic tubes over the corner 
pins serve as spacers between decks. Two sizes of spring 
pins were tried; both were made from extra spring temper 
phosphor bronze and then silver plated. The larger pin 
was made from 0.014 in. flat stock and was designed to 
be used in conjunction with 14 in. I.D. silver-plated eye- 
lets. The smaller pin, as used in this assembly, was made 
from 0.007 in. stock and was designed to be used with 
%~4 in. I.D. eyelets. Insertion and withdrawal force for 
the larger pins was 8 lb with a contact resistance of 0.2 
milliohm. The smaller pins gave values of 4 lb insertion 
and withdrawal force and 0.4 milliohm resistance. 

The pull-apart forces involved when applying the spring 
pin cascading system are of interest. For example, assum- 
ing a minimum of 4 pins per deck and a uniform density 
of 0.014 lb per sq in., the maximum permissible area of a 
card would be of the order of 25 sq in. for the %;4-in. pins 
for forces under 50 g. The number of spring pins, size, 
card spacing, and the card area and configuration arv 
factors governing the structural strength for forces other 
than the pull-apart force. 

For a vibrational force applied as shown in Fig. 20 a 
total mounting height of about 2 in. (3 decks) with 14 ¢ 
in.x 114 in. x 234 in. cards successfully withstood the 
vibration test (10-55 cps). The assembly when supported 
at both ends as in Fig. 20 permits higher stacks. Addi- 
tional cards bearing a solid area of copper serve as 
shields between each deck. Side panels (held by the 
corner spring pins) are also used as shields. With the 
between-deck shields they eliminate stray interstage 
coupling. 

The a-f circuit packaged in this system was shown in 
Fig. 4. Since the individual decks are removable and re- 
placeable, separate heat plates are required for each tube- 
bearing deck. The package is designed for efficient utili- 
zation of deck area. To achieve this, a deck bearing onl) 
electrolytic capacitors was utilized. This grouping also 
permitted a thermally advantageous location for these 
heat-sensitive components. 

A method of integrating the type “D” package was 
shown in Fig. 5. This method of construction is not limited 
to rectangular or modular deck configuration; each deck 
may be designed to conform to a particular geometry 
without a loss in integration volumetric efliciency. 

Tables II] and IV list package and integration effici- 
encies, respectively, for the various packages. 
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Conclusions 


The four package types and their correspond- 


ing integrations evolved from the application of 
general principles which were developed during 
the process of design, fabrication, and evaluation 
of several exploratory models of each type. Ap- 
plication of the design principles and techniques 
illustrated will enable efficient design and fabrica- 
tion of many electronic equipments by Auto- 
Sembly techniques. OOC 





Fig. 19--Type “D” (Stak-Pak) i-f package. 
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Fig. 20—Left, single-end spring pin mounting used 
in type “D”. Right, double-end spring pin mounting. 
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Table Ili—Package Volume, 
Area and Weight Efficiencies 
(For 3-tube r-f, 3-tube i-f, and 4-tube a-f packages) 
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- — ~ (100) 
Total volume of package 
Total component projected area 
Package area efficiency, per cent ~ o oe 00) 
Total component mounting area 
Total weight of components 
Package weight efficiency, per cent —— (100) 
Total weight of package 
Type of Package 
R-f \-f A-f A-f A-f A-f 
Package values “ae sone "A" “Br ogee “p" 
Length, in. 4.60 | 1.81 | 4.77 | 3.44 | 3.91 | 2.69 
Width, in. (package) 2.44 2.25 2.44 2.44 | 3.75 2.25 
Thickness, in. 0.82 | 1.13 0.82 1.31 0.73 1.63 
Length, in. 3.93 | 2.06 410 | 2.68 3.72 1.88 
Width, in. (component | 
mounting area) 2.34 1.10 2.34 9.44 3.00 | 1.60 
Number of cards 1 3 1 2 1 | 4 
Component volume, in.’ 0.555 | 0.540 | 1.33 1.33 1.33 | 1.33 
Component projected 
area, in.” 4.62 3.90 5.47 6.15 | 5.39 | 6.03 
Component weight, Ib 0.060 | 0.050 0.083 0.083 | 0.083 | 0.083 
Package volume, in.’ 9.21 4.61 9.54 11.0 10.68 | 9.83 
Total component mounting | 
area, in.’ 9.2 6.8 9.60 13.1 11.2 | 12.0 
Package weight, Ib 0.287 | 0.111 | 0.432 | 0.301 | 0.564 | 0.346 
Package volumetric 
efficiency, per cent 6.0 ti7 14.0 19 .| aa 13.5 
Package area | | 
efficiency, per cent 50.2 57.3 57.0 46.8 48.1 | 50.3 
Package weight 
efficiency, per cent 20.9 45.0 19.2 27.6 | 14.7 24.0 
RUSS BUS ll Sc RR” | SO eRSI ca eae ia 
Table 1V—Integration Volume 
and Weight Efficiencies 
(For r-f, i-f, and a-f packages) 
Total volume of packages 
Integration volumetric efficiency, per cent = ————————----_ (100) 
Total volume of integration 
Total weight of packages 
Integration weight efficiency, per cent = ———______—_—_——-__ (100) 
Total weight of integration 
Total volume of components 
Overall volumetric efficiency, per cent —_—_——_—_—_— —— (100) 
Total volume of integration 
Total weight of components 
Overall weight efficiency, per cent — —_—_—— (100) 
Total weight of integration 
Type of Package 
2 
Package values | Type “A” | Type “B" | Type “C" Type “D" 
Length, in. 7 A 11.4 | 5.3 
Width, in. 32 | 44 ae oe 
Thickness, in. ee 12 | 28 
Total component volume, in.’ 2.4 : ae 2.4 | 24 
Total component weight, Ib 0.19 0.19 019 | 0.419 
Total package volume, in.* 26. 26. 27. 23. 
Total package weight, Ib 0.93 0.64 0.98 0.60 
Integration volume, in.° 53. 74, | 58. 52. 
Integration weight, Ib 1.7 1.6 1.6 1.2 
Integration volumetric efficiency, percent | 4.9 35. 46. | 44. 
Integration weight efficiency, per cent | 55. 40. 61. 50. 
Overall volumetric efficiency, per cent | 4.5 3.2 41 4.6 
Overall weight efficiency, per cent i Tey ie 2 12. 16. 
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Safety and Maintenance Factors 


in Electro-Hydraulic Design 


The importance of other factors (cost, size, etc.) may sometimes 


prevent the equipment designer from achieving the ultimate in safety and 


ease of maintenance. He may have to sacrifice an interlock occasionally to save 


a dollar or an inch. Accordingly, the designer must have not only the ability 


to design these features into a machine but also the good judgment to 


make a satisfactory compromise if called upon to do so. 


IN THE EVOLUTION OF design technology for industrial 
equipment, no two objectives have received more attention 
than safety and ease of maintenance. These factors are 
particularly prominent in the procedures developed indi- 
vidually for electrical and hydraulic systems. Thus, when 
both types of systems are to be combined in one machine, 
the engineer responsible for the design is doubly aware 
of safety and maintenance considerations. 

While these objectives are prominent and stem from 
the highest motives, they are by no means paramount. 
The designer. therefore, may face some disillusionment 
when he learns that safety and ease of maintenance must 
yield preference to certain other design aims. He will be 
told that a machine must also do the job for which it is 
intended: must be competitive in cost; must be capable 
of being produced: and must have sales appeal. 

In listing these items no attempt has been made neces 
sarily to place them in order of relative importance nor 
to indicate that the list is complete. Rather, it is to show 
that there are many considerations in design and each 
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may be affected to a limited degree by others. There 
are times that the designer may go to extremes in his 
desire to engineer a safe machine and with all the require- 
ments for ease of maintenance. It may follow then that 
cost is prohibitive and appearance suffers. 

The result is that often it is necessary to make a com- 
promise among the many design factors, placing emphasis 
here or there as the particular machine usage, location, 
operating personnel, etc., would seem to dictate. The 
engineer must, therefore, not only have the ability to 
design features to assure safety and ease of maintenance, 
but also be prepared to decide which and how many of 
these features should be included in the interests of both 
manufacturer and user. Regarding safety, for example. 
some applications will justify the addition of every con- 
ceivable feature 
devices.” 


even “safety devices to protect the safety 
Other applications will support only a lesser 
number of features. The purpose of this article is to 
make the designer aware that compromises on _ safety 
and ease of maintenance must sometimes be made and to 
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offer him some engineering guidance and advice in the 
making of them. 

In arriving at any compromise of this nature, one of the 
first guides to be considered are the standards suggested 
by groups such as the National Machine Tool Builders 
Association and the Joint Industry Conference. These 
standards are based on the experience and mature judg- 
ment of engineers, safety men, maintenance men, machine 
and electrical inspectors. In the standards are detailed 
instructions covering the design, construction and in- 
stallation of electrical and hydraulic equipment. Often, 
these codes and standards are themselves the results of 
compromises so that the designer may do well to hesitate 
before compromising further. 

Pumps and Pressure Generators. In the design of 
hydraulic systems, some of the first electrically driven and 
controlled elements to be considered are the pressure 
generators or pumps. These are of various types and 
may be classified by function as follows: 


Main pressure generator 
Auxiliary pressure generator 
Pilot pressure generator 
Cooling pumps. 


While these electrical elements may seem at first to be 
few in number. the design problems involved are many. 
For example. here are some of the tasks that may be 
faced by the designer in working out the drive and con- 
trol equipment to be provided for the pumps and gen- 
erators. 

a—Specification of the electrical characteristics for the 

drive motor, 

b—Provision of normal starting and stopping controls. 

c—Incorporation of circuits for emergency stopping or 

de-energization of some or all electrical components. 
d—Protection of equipment against overload, under- 
voltage and short circuits. 

e——-The furnishing of visual indication of energized 

circuits. 

The designer will find that each of these points have 
some relationship to the safety (of both the equipment 
itself and the operating personnel) and ease of mainte- 
nance of the finished machine. Attaining the latter objec- 
tives is made somewhat easier in the present day through 
the guidance offered by codes and standards. However, 
strange as it may seem, the designer is not always free 
to follow the recommendations of these codes and stand- 
ards to the fullest extent. He may find that other factors, 
such as the size and shape limitations on the finished 
machine and the customers attitude toward the higher 
costs involved. handicap him somewhat in adopting all 
code recommendations. The final result. of course, is that 
the machine will not be as safe or as easy to maintain as 
it might have been. 

Circuit protection provides a good example of the 
areas in which the designer of hydraulically operated 
equipment must make compromises. As in any electrical 
equipment, proper overload and undervoltage protection 
must be provided in the motor-starting equipment. Short- 
circuit branch-line protection is also important and should 
be considered along with disconnecting means. Such pro- 
tective features have a very definite connection with cost 
and appearance. On small machines particularly, the fur- 
nishing of short-circuit protection and disconnecting 
means in conformance with standards may be a sizable 
item in the cost of the machine. Many times prospective 
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buyers do not accept the cost for fuil circuit protection, 
only to be required later by their locai e:ectrical codes to 
add the equipment, at a greater cost than was originally 
quoted by the manufacturer. 

The circuit protective devices may also be too large, 
physically, to mount conveniently on the piece of ma- 
chinery. The designer then has to decide whether the 
combination starter, for example, is to be supplied for 
mounting adjacent to the machine on a convenient column 
or wall or furnished with an auxiliary floor-mounted 
bracket, stand or cabinet. Another example is the recom- 
mended use of magnetic reduced-voltage starters on 
applications in excess of 100 hp at voltages under 600. 
Here, there is no catalog item offered today with discon- 
necting means and short-circuit protection integral with 
the starter. For safety reasons, the designer should supply 
both of these features, despite the fact that these items 
must be obtained at increased costs. In addition, the 
space required by these components again sets up the size 
problem mentioned before. Here too, the customer must 
be amenable to code recommendations if the designer is to 
make use of them. 

One of the design tasks listed above concerns the 
specification of electrical characteristics for the drive 
motor. While it may not be immediately apparent how 
this particular phase of design affects safety and mainte- 
nance, the fact is that it does. To illustrate, remember 
that as the voltage increases the safety problems may also 
hecome greater. Definite safeguards must be given when 
using 2300 or 4160 volts, for example, that are not needed 
for 220 or 440 volts. There is, at the same time, a point in 
favor of high-voltage operation from the standpoint of 
economics. Where power requirements are in the range 
of 500-1000 hp for a single system, the use of high 
voltage is definitely an advantage. Here again the de- 
signer is involved in a choice between cost and safety. 

Circuit Considerations. The electrical portion of a 
hydraulically operated machine is not limited merely to 
the drives and controls for the pumps and pressure gen- 
erators. A second major area of electrical applications is 
the hydraulic circuits themselves. The normal function 


Fig. 1—Electrically driven pump section for a hydraulically 
operated machine. The many fluid lines involved here can 
cause confusion in servicing unless a scheme of color coding 
is adopted to fully identify the individual hydraulic circuits. 
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of hydraulic fluid is to operate or move one or more 
rams in cylinder and ram assemblies. These moving 
members may be arranged in various combinations and 
sequences and operate at various speeds and pressures. 
The pressure in these circuits may range from a few 
hundred psi up through 5000 psi. 

This pressure is applied through direct coupling, mani- 
folds or various lengths of pipe or tubing with their 
respective and appropriate fittings. A fundamental re- 
quirement is that the designer be acquainted with the 
pressure limitations of the transfer medium and be capable 
of applying them correctly. Yet, although this has been 
done there is no assurance that the designer will develop 
a piece of equipment that is safe and easy to maintain. 
He may have neglected to consider certain questions 
regarding the hydraulic circuits. including: 
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a—Can they be assembled and disassembled with a rea- 

sonable amount of labor? 

b—Can standard shop tools be used? 

c—Are the high pressure lines properly marked such 

that they can be separated from the low pressure or 
drain lines? 

The factor last named, for example, can become a 
definite hazard to a workman if he is not aware or does 
not double check his lines when opening a connection. 
These lines could be marked by color coding through the 
use of a plastic tape. Then there would be no question in 
the service man’s mind about lines he was working on. 
Fig. 1 shows a piping system that could well use a scheme 
of color coding on the lines for safety. 

Still on the subject of pressures, one fundamental piece 
of information that is important to the designer and, 
later, to the maintenance man is the exact hydraulic 
pressure present at various points in the circuit. It would 
add considerably to the ease of maintenance if there 
were provisions made at important check points through- 
out the system to temporarily install a gage to determine 
pressures. The gage serves the same purpose for the 
hydraulics man as the voltmeter does for the electrician 
and no one would suggest that the electrical maintenance 
man do without the voltmeter. 

Perhaps the most important part of the control in a 
hydraulic circuit is the selection and application of the 
proper valves. In fact, it is the solenoid-operated valve 
that provides the junction between the hydraulic circuit 
and the electrical control system. One of the greatest 
sources of trouble in solenoid valves is the “burning out” 
of the coils. By far the highest percentage of these coil 
difficulties is due to the plunger failing to seat properly. 
This may be caused by misalignment, a sticking valve. or 
dirt or some foreign material building up on the face of 
the solenoid plunger. In general, any mechanical holding 
of the plunger that prevents complete seating will cause the 
solenoid coil to carry excessive current leading to early 
failure. Fig. 2 shows a typical current-stroke curve which 
indicates clearly why the above is important. 

Ordinarily. the solenoid is connected through pigtail 
leads properly bolted to the line and taped. These con- 
nections are then enclosed in an oil-tight junction box. 
Too many times, a solenoid is replaced and in the rush 
to get back on production the conductors are simply 
twisted together and may not even be taped or put back 
into a junction box and covered. This certainly is 
inviting both a safety hazard and more maintenance and 
down time. 

Another problem the maintenance group have before 
them is the proper designation and coordination between 
the electrical and hydraulic elementary circuits, layouts 
and the actual machine. Many times, the normal line 
of reasoning on maintenance or service problems that 
may involve repair, changes or additions, stems from the 
analysis of the elementary diagrams. From this, we deter- 
mine that the problem involves “solenoid X” or “valve 
14.” This may. for example, be the valve that controls 
Then the search 


the speed of “ram A” on return stroke. 


Fig. 3—-Arrangement of hydraulic valves clustered about a 
central manifold. The practice of manifolding decreases the 
number of pipe and tube connections and thus serves to limit 


the possible sources of leaks. 
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starts on the machine to find the valve. Clear, visible 
marking of all valves, along with a brief description (Ex- 
ample: “Ram A Return Slowdown”) would be a great 
help and save considerable time in locating the source of 
trouble. 

Manifolding the valves is a great help as it groups most 
of the valves in one spot and decreases the number of 
tube and pipe connections. Fig. 3 illustrates the com- 
pactness offered by valve manifolding. Not only does 
manifolding decrease the need for maintenance but it 
makes the components much more accessible for any 
servicing that may be required. 

Additional Features. Many applications. such as 
those incorporating safety gates and doors, may have 
additional safety features involving electrical and hy- 
draulic interlocks. A normally open limit switch contact 
may be placed in the start circuit requiring the safety gate 
to be closed, operating the switch. At the same time a 
cam operated valve must be operated in order that pres- 
sure is available to move the main ram. Fig. 4 shows a 
machine requiring such an arrangement. 

In this same illustration, an interesting application of 
limit switch grouping should also be pointed out. These 
switches are operated by tail rods and are located at a 
convenient height for observation and maintenance. Under 
normal operating conditions they are covered with a 
plate for safety. Like valves, all switches should carry 
clear. visible markings such as “LS-7——Injection Start.” 

This also is an instance of safety features that can be 
provided by the designer if he is free to do so. There are 
other examples involving features that are desirable in 
the interests of safety and maintenance. Yet. because the 
machine can operate without these features. the designer 
nearly always has to wait for someone to approve or dis- 
approve the added cost of their inclusion. 

\ case in point is a particular hydraulic circuit re- 
quiring two main pressure pumps driven by separate 
motors. An auxiliary pump is needed on occasion to 
supplement the main pumps. Pilot pressure for hydraulic 
control is provided by a small pump with a separate 
motor, and oil cooling is obtained through a fifth pump 
and motor combination. 

Due to a wide range in operating temperatures for 
this svstem, it is advisable for the safety of the machine 
that the pumps not be run unless the oil temperature is in 
the range of 70 to 125 F. 


matic. For this application, immersion thermostats 


This control should be auto- 


ean be used. A typical elementary circuit for such a 
system appears in Fig. 5. With control power available. 
the immersion heater contactor will be energized through 
the normally closed contacts of a thermostat set to open 
at 100 F. When this point is reached, the contactor is de- 
energized, opening the heater circuit and setting up the 
motor control circuit through a normally closed contact. 
In case the oil temperature should drop below 100° F, 
the motor control will not drop out as it has been inter- 
locked through a 70-deg thermostat. 

\nother thermostat set at 125 F will open the control 
to protect pumps from operating at higher temperatures. 
A pump is used to circulate the oil through cooling units if 
necessary to keep the operating temperature under 125 F 
when high ambient temperatures are encountered. Visual 
indication through pilot lights of thermostat condition is 
desirable. 


The thermostat should be readily accessible for wiring 
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Fig. 4—Interlocking of access doors is a safety feature rec- 
ommended for electro-hydraulic equipment. Doors of this press 
must be closed before pressure is available to move the main 
ram. 


and for complete removal if necessary. A well should be 
provided in the oil tank shell to permit removal of the 
thermostat without draining the oil. A press incorporating 
this temperature-monitoring arrangement is pictured in 
Fig. 6. The location of a thermostat is indicated by means 
of an arrow. 

One important consideration in hydraulic circuits is 
the generation and control of pilot pressure. The latter 
is used many times throughout a system both on the 
main pump control and the valving. Because pilot pres- 
sure is so essential to proper operation of systems it is 
usually advisable to provide some type of arrangement 
for monitoring the operation of the pilot pump. In one 
common scheme for so doing, the pilot pump motors are 
so interlocked with the main pressure pumps that the 
former must be started first and stopped last. Any inter- 
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Fig. 5—Schematie diagram of circuit for monitoring 
the temperature of oil in a hydraulic system. This 
circuit controls not only the operation of a heater for 
maintaining the oil temperature above the desired 
minimum but prevents operation of the machine if 
temperature rises above a safe maximum. 
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Fig. 6—Hydraulic press with power supply mounted above 
ram. Arrow points to location of thermostats that are immersed 
in the oil sump. 


ruption of power to the pilot pumps will remove the main 
pressure pumps from the line. 

A typical elementary diagram showing this circuit is 
After the pilot pumps are running, the 
In order to keep the 


given in Fig. 7. 
main pressure pumps are started. 
inrush on the line to a minimum, the motors may be 
sequenced from a common start button, using a magnetic 
reduced voltage starter. The “run” interlock contact on 
No. 1 starter may be used to start No. 2 starter. The run 
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interlock on the No. 2 starter then closes to interlock 
around the start button. 

A third high pressure pump may be used on occasions 
for increased speed. It may be started separately and 
brought in either manually by the operator o1 
matically through limit switch position. 

On multi-motor systems in locations where the noise 
level is particularly high, a very definite hazard both to 
equipment and personnel can be guarded against by pro- 
viding some type of visual indication of motor operation. 
With a group of pilot lamps the operator can at a glance 
check whether or not all motors are running. Failure of a 
motor either to start or stop as required by the program 
of operations of a system can result in equipment damage. 
Injury to workman is also a possibility should, for ex- 
ample, he start disconnecting lines or working on a 
hydraulically powered moving member without the knowl- 
edge that the pump is still rotating under power. 

Faulty Sequencing. I[n any consideration of hydrau- 
lic circuits, pressure is one of the important items. To 
provide information on pressures available in a given 
system, the designer uses pressure switches or “tonnage 
These may be of the piston-operated or 
bourdon-tube type and are available in almost all practical 
pressure ranges. 

Normally, the designer is concerned with the following 
information: overall pressure range; minimum and maxi- 
mum operating differential; and contacts available (nor- 
mally open and/or normally closed) to 
rising or falling pressure. 


auto- 


controls.” 


operate on 
Upon this information is 
based the arrangement of circuit components needed to 
achieve the desired sequence of operations. The im- 
proper sequencing of pressure-triggered operations can 
lead to considerable difficulties. Some of the precautions 
to be taken in the design will now be mentioned. 

In some hydraulic systems, the indication that pressure 
has reached a certain level is all that is necessary to trigger 
the next operation. In others, a time period may be 
involved. If a time period is required, the pressure switch 
should be interlocked so that transient fluctuations do not 
affect the contact condition. 

A given cycle of operations may consist of a train of 
events including the sequencing of several rams. Each 
indicates it has reached a pressure point before the next 
ram moves. Under these conditions, it may not be neces- 
sary that all rams maintain a predetermined pressure level. 
Therefore, the release of any of the contacts, through 
falling pressure or fluctuation of pressure. may cause con- 
tacts to operate and set up a faulty condition. This leads 
to equipment damage and increased maintenance. 

It may be imperative that a minimum pressure setting at 
all times controls the circuit functions. 
pressure will cause corresponding changes in other parts 
of the circuit. 
safety factor. 


Any decrease in 


This consideration can be an important 
The releasing of pressure on a die, for 
example, may result in a hot fluid material being sprayed 
over the operator. 

The smooth, quiet operation of any hydraulic circuit is 


definitely an aid to the maintenance people. In many 


cases. the amount of maintenance needed can be found to 
be directly proportional to the amount of vibration and 
shocks present. In addition to the many obvious methods 
used to reduce this condition to a minimum, there is 
another factor that enters into the more complex hydraulic 
circuits. This is the timing of operations of control valves. 
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The behavior of a circuit may be somewhat unpre- 
dictable under certain conditions. Temperature and type 
of oil: length, size, and type of lines and fittings; machin- 
ing of mating parts in valves and cylinder-ram assemblies; 
design and condition of springs; and in general, the con- 
dition of all moving parts affect circuit operation. Many 
times, a slight delay of a following event in a sequence will 
make a big difference in the operation. A small pneu- 
matic timer with a range of 0.3 to 3 sec or more could be 
used. Its function would be to delay the operation of the 
next event until the previous event had cleared itself of 
any undesired interaction with the next event. 

An example of this could be the release of pressure that 
may be trapped momentarily in a section of a hydraulic 
system in a rapid change in conditions. This comes about 
quite often in rapid reversals of a large ram. On multi- 
purpose machines where the same basic unit will be 
operated in two or more different functions, the use of 
drum type selector switches with a keylock handle can be 
used. With these switches, the circuits can be isolated 
and the operation of a definite function can be controlled 
by proper supervision. This is a definite aid to safetly as 
accidental changing of the type of operation is practically 
eliminated. 

There are many other means for guaranteeing the 
proper sequencing of operations, some of which are 
covered in standards. Perhaps, these means should be 
emphasized in a special listing, as follows: 

a—Dual operating buttons interlocked to keep oper- 
ators’ hands out of pressing area. 

b—Non-repeat cycle feature requiring the release of 
operating buttons. 

c—lInterlocking loading tables and rams. Where two 
material loading tables shuttle alternately into the press- 
ing area, the operation of the “emergency reverse” push- 
button should require the tables to reverse as well as re- 
quire the main pressing ram to return to its start position. 
Another definite action should be required to start the 
next cycle. This could be marked “emergency reset.” 

d—Keylocking of selection between semi- and _ full- 
automatic operation. Proper supervision should have 
control of type of operation and issue instructions to 
operating personnel accordingly. 

e—Use of double-solenoid operating valves rather than 
the single-solenoid spring-return type. 

{—Constant solenoid energization. Where a solenoid 
valve is energized in the clamping operation of a 
hydraulically powered ram, the solenoid should remain 
energized throughout the clamping action. 

g—Fail-safe interlocking. An increased degree of 
safety can be obtained in the use of limit switches where 
both normally open and normally closed contacts are 
used. Interlocking through both contacts can present 
failures that may rise through sticking or other faulty 
operation. 

Electrical Standards. Most of the existing electrical 
codes and standards have been prepared as a guide to the 
design of equipment that is safe to operate and easy to 
maintain. Many considerations on type, size and use of 
conduit and conductors are covered in electrical stand- 
ards. Use and application of various types, sizes of elec- 
trical equipment is also covered. It might be well to 
repeat here a few of the major recommendations as a 
convenient check list. In the interests of safety and ease 
of maintenance, designers have been advised to: 
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Fig. 7—Circuit for monitoring the operation of the _pilot- 
pressure pump. With this arrangement, pilot pump must be 
started before the main pumps. Conversely, the pilot pump can- 
not be shut down until the main-pump circuits are de-energized. 


1—Locate control cabinets between 2 and 7 ft from the 
floor. The application of control on a machine in the 
area from floor level up to 2 ft is defintely unsatisfactory 
as far as safety and maintenance are concerned. It is 
quite obvious that a workman can not protect himself 
or work at an advantage in this area. Further. it is a 
position that is a natural collecting point for dust. dirt, oil 
and other foreign materials detrimental to the operation 
of the equipment. 

2—Specify totally enclosed fan-cooled motors on jobs 
that encounter splashing coolants, oil or excessive dust and 
dirt conditions. 

3—Use a wiring channel to provide easy checking of 
any conductor on the panel. A neatly laced cable gives an 
attractive appearance, but requires time and skill to pro- 
vide it. In addition, the conductor that needs checking 
may be buried within the harness. Additional conductors 
cannot be added without re-lacing or without resulting in 
poor appearance. 

4—Provide convenient checking 
points throughout the machine. These are particularly 
helpful where a machine must be disassembled to ship. 

5—Remove electrical control equipment from the ma- 
chine proper to a separate enclosure. This is important 
where vibration, temperature, general operating conditions 
(dust, dirt, material being used) would be detrimental to 
the equipment. Under this same consideration is the re- 
moval of operating pushbutton control to a remote posi- 
tion for safety purpose and ease of operation. 

6—Interlock the control cabinet door. This not only 
is a safety measure but definitely a maintenance considera- 
tion. If it is possible for a machine to operate with the 
control cabinet standing open, too many times it will be 
left that way. A good cabinet is gasketed and, when 
closed, protects personnel from injury and keeps dust 
and dirt from the equipment. Oo00 


and disconnecting 
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A. F. LUKENS, Medium Induction Motor Department 
GENERAL ELectrIc COMPANY 
Schenectady, N. Y. 


New Power Source Lifts 


Design Limits on 


Electrified Farm Equipmen 


“Short-Life” design philosophy makes possible a high-capacity tractor-mounted 


generating system. Generator is compact, yet can handle continuous 


l0-hp loads (15-hp peak) anywhere in the field. Development opens wide 


opportunities for the application of electric motors “‘away from the barn.” 


IN SOME QUARTERS, a farm is regarded as a factory 
“manufacturing” food. This certainly is true in the sense 
that the farm offers almost as many opportunities for 
the utilization of electrically powered and controlled 
equipment as its industrial counterpart. However, up to 
the present, the designers of farm machines and products 
have been unable to fully exploit this similarity. The 
principal drawback has been the fact that electrical power 
is usually available solely at the farm buildings and. 
even there, is normally only single phase. Thus, while 
much electrical equipment has been used to advantage in 
farm homes and barns, field operations have been limited 
largely to hand labor or must relie on cumbersome, in- 
flexible power take-offs from internal combustion engines. 

With the “Electrall” system now obtainable on Inter- 
national Harvester tractors, electrical equipment can be 
operated at any location within the borders of a farm. 
The major component of the system is a generator and 
associated controls mounted on the tractor frame and 
driven by the tractor engine, Fig. 1. There is certainly 
nothing startling in another design of generator nor in 
mounting a generator on a tractor. However, what is new 
is the appreciable output of this generator, its many 
convenience and safety features, and its simplicity to 
operate. The generator has ample capacity for 10-hp 
motor loads and supplies a selection of single-phase and 
three-phase voltages. 

The tractor-mounted generator can be used as a source 
of electric power for machines trailing the vehicle, Fig. 2: 
as a portable power supply for tools and devices, such 
as electric saws. post-hole augers and welders: and as a 
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standby power plant to supply electricity to farm build- 
ings when utility lines fail. The first two uses mentioned 
obviously offer equipment designers new opportunities for 
the application of motors and controls. For the benefit 
of these designers, the balance of this article will be 
devoted to a description of generator characteristics to- 
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Fig. 1 
Harvester Co. “Farmall” tractor. Compact unit is driven by 
belt from tractor engine. 


“Electrall” generator shown mounted on International 
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Fig. 2—Tractor is shown pulling an Interna- 


tional Harvester hay baler. Baler is driven by 
a special 744 hp electric motor connected to 
the tractor-mounted generator. 


“eas onic 
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gether with a detailed guide for the selection of motors 
that will operate most efficiently with the generator. 
Generator. The General Electric Co. generator, Fig. 
3, is fundamentally a 2-pole, 3600-rpm, revolving-field 
alternator producing 10-kw at 208-volt, 3-phase, 60-cycles. 
It is equipped with an exciter, a voltage regulator, over- 
load protection, a 4-wire distribution system, all of 
which are integrally mounted. Thus, all the functions of 
a generating station and distribution system are con- 
tained in a single unit that can be lifted by one eyebolt. 
The components of the control system, including the 
regulator, circuit protection and the electrical outlets are 
assembled on a chassis for ease in manufacture and for 





Fig. 3—View of complete generator-exciter-control package. 
Exciter for the 10kw 2-pole, 3-phase alternator is at right. It is 
a ball bearing type designed for outdoor use. 
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quick servicing. The chassis is held in place by six screws 
and has only seven internal electrical connections to the 
generator and the exciter. 

The voltage regulator is of the static type and consists 
of a small current transformer, a rectifier and two small 
resistors. The current in one of the generator output lines 
is measured by the current transformer, rectified and fed 
into the exciter field circuit. This helps to maintain gen- 
erator voltage at peak output under varying motor loads. 
Thus. motors used with the system can provide high 
starting and accelerating torques and can carry high 
momentary overloads, 


Overload protection consists of two separate units. A 





Fig. 4—Bottom view of Electrall generator showing control 
panel. Three different outlets are provided for 120 and 208 
volts, single or three phase. 
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thermal overload relay with a pushbutton reset discon- 
nects the generator under temporary overloads to mini- 
mize damage to the apparatus. This relay is backed up 
by three time-delay fuses that function in the event of 
sustained short circuits, such as might occur should the 
output cable be cut accidentally. 

The basic mechanical parts of the exciter are similar 
to those of an automotive battery-charging generator. 
However. it operates in the 20- to 30-volt range rather 
than at the usual 6 volts. The exciter has special elec- 
trical characteristics, uses two ball bearings and is pro- 
vided with insulation materials specifically selected to 
withstand outdoor farm service. 

As can be seen in Fig. 4, three types of distribution 
sockets are supplied. The principal outlet is connected 
to the 4-wire, 3-phase generator terminals and is of the 
standard AN aircraft type. This is used for all 3-phase 
operation of the generator and also will supply 120-volt 
or 120/208-volt single-phase power through a plug that 
engages only two or three of the four contacts. The AN 
outlet must be used when the tractor and the powered 
equipment are in motion since it has a threaded collar 
that eliminates all possibility of the plug falling out 
under vibration. 

Two single-phase convenience outlets are supplied for 
ordinary household and industrial-type lead terminals 
that are attached to most electrical tools and appliances. 
The smaller is the new standard 15-amp socket with two 
power connections and a ground connection. The new 
NEMA standard cap or “plug” with the ground connec- 
tion prong can be used, as well as the standard 2-prong 
cap used on most small appliances, drop lights, etc. This 
socket is connected for 120 volts and is protected by a 
small 20-amp fuse. This fuse is intended not to protect 
the generator but to open the circuit of the driven appli- 
ance, since these small devices seldom have overload 
protection built into them. 

The second convenience outlet is a 50-amp, 3-prong 
socket that accepts the standard 30- and 50-amp caps 
commonly known as “stove connectors.” This socket is 
connected to the 120- and 208-volt leads of the generator 
and can be used for powering the larger single-phase, 
115-volt, 230-volt or 115/230-volt, 3-wire apparatus, 
such as relatively large motors and arc welders. 

Selection of the Power System. Considerable 
thought was given to the choice of voltage and frequency 
characteristics for the system. Since the generator is ex- 
pected to drive ordinary household electrical devices and 
appliances as well as farm motors and tools, the selection 
of 60-cycle alternating current was mandatory from the 
first. These devices and tools are almost universally 
either 115 120 volt or 220/240 volt, single-phase or 
220 volt. 3 phase, 60 cycle. Hence, it was decided to 
simulate the basic network distribution system used in 
large cities. This is the 120/208-volt, 4-wire, 3-phase sys- 
tem. By using various lines from the generator, 120-volt 
single-phase. 208-volt single-phase or 208-volt 3-phase 
power can be obtained without switching or reconnect- 
ing. The 208-volt line is high enough to successfully drive 
both 220- and 230-volt apparatus. Also, 120-volt power 
is sufficiently close to the usual utility distribution volt- 
age for satisfactory application to the lower-voltage lamps 
and appliances. A majority of electrical apparatus is de- 
signed to operate successfully with a +10 per cent volt- 
age variation. Since the voltages of the Electrall generator 
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come within this range, they are satisfactory even for 
continuous service, and are certainly well within the ac- 
ceptable range for emergency standby use. 

A grounded neutral system is used throughout to mini- 
mize the danger of shock. Not only the generator frame 
but the neutral point of the wye-connected windings are 
grounded. Any 3-phase motor designed for use in this 
system also has a grounded neutral solidly connected to 
the generator neutral by a fourth wire in the cable. This 
assures that the maximum voltage between the metal of 
the tractor and any wire does not exceed 120 volts, no 
matter what conditions of insulation failure are assumed. 
Actually, nearly complete breakdown of the insulation 
of the cable without a short circuit plus the heedless 
touching of bare copper must be assumed to even reach 
this condition. Any failure of the machine windings 
themselves would be contained in the machine enclosure 
and would cause no shock. 

The control switch and all the wiring on the steering 
column is in the low-voltage d-c circuit. 

Standardization. If the use of mobile power on the 
farm is to grow, other manufacturers, both in the elec- 
trical and farm-machine fields. will undoubtedly enter the 
market. Thus, farm equipment, motors and generators of 
different manufacture will be interconnected. For this 
reason, it is almost mandatory that the manufacturers 
furnish components that will operate together satisfac- 
torily, or in short be “interchangeable.” The first point 
of interchangeability is, of course, voltage and frequency 
Therefore, it is hoped that the 120/208-volt, 60-cycle, 
grounded neutral system will be adapted as standard for 
farm machine generators and motors. Admittedly, the 
grounded neutral wye-connected motor is not necessary 
for interchangeability but it does add to personnel safety 
under certain conditions of insulation breakdown, and 
is recommended for motors of trailing machines. 

A search of all known available connectors produced 
none that appear to be better adapted to this service than 
the AN aircraft connectors. These might well be included 
as standard practice. In this connection, a phase sequence 
of A, B. C with D grounded has been adapted for the 
generator. Motors are connected for counterclockwise 
rotation with this phase sequence, facing the opposite 
shaft end and with the conduit box on the right side. 
Opposite rotation is achieved by interchanging two leads 
in the connecting cable, or by using a short adapter 
cable that reverses these two leads. 

Service-Life Considerations. It was realized early.in 
this development project that life standards for industrial 
electrical equipment were far too rigorous and, if ad- 
hered to in this case, would lead to apparatus too large 
to mount on farm machines. Although the operating life 
of the tractor is long compared to that of the ordinary 
automobile, it is much shorter than that of industrial 
electrical equipment. Since the average life of a tractor 
is about 15 yr, this design criterion was set up for the 
generator: 15 yr total life under adverse conditions of 
moisture and dirt; 4000 hr rotating life: and 1000 hr 
at rated rms load. This is estimated to be equivalent to 
2000 or 3000 hr of actual loaded operation. 

Motor operating life on the trailing machine is shorter, 
probably in the order of 500 hr at rms load, which is 
equivalent to several times more hours of actual operat- 
ing life. This is a departure from such specifications as 
“40,000 to 60,000 hr at 105-C hot spot for Class A 
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insulation” and “20-yr life for motors” that users of 
electrical apparatus often expect. 

Although extrapolation over a long range is some- 
times inaccurate, it is instructive to note that the in- 
creased temperature necessary to reduce the insulation 
life from 60,000 to 1000 hr is 57 deg C, on the basis 
of 50 per cent decrease in life per 10-deg C rise in 
temperature. The hot spot could be 162 C for Class A 
insulation and 187 C for Class B. In the design of the 
generator, this type of thinking resulted in the elimina- 
tion of temperature rise as a design consideration. Actual 
rises of 120 deg C and over for short periods are en- 
countered on “mixed” or “modified” Class A insulation, 
in which Class B and Class A materials are used to best 
advantage. Thermoplastic materials are avoided and com- 
ponents and treatments are selected for resistance to 
moisture. 

The same thinking is carried out in the selection of 
bearings. cables. ete.. which are all worked at relatively 
high stress. 

Electrical Design. The generator is a saturated-type. 
two-pole. 3600-rpm, revolving-field generator with a dis- 
tributed field winding. It is essentially dripproof, fully 
euarded. although the requirements of the application 
rather than the NEMA definitions were used as criteria 
of design. It is ventilated by a large fan which draws air 
through the endshield and over the control panel. The 
final result is a machine that is physically small for its 
outnut. so that it can be mounted on the tractor as a 
well integrated accessory of pleasing appearance. 

The voltage control circuit, Fig. 5, or “regulator” is 
actually a compounding scheme. A current transformer 
is connected in one a-c line and the secondary output is 
rectified by a static rectifier and fed into the exciter field 
circuit. The voltage on the exciter field comes from the 
exciter armature in series with the transformer-rectifier 
combination. Thus, the field currents of both exciter 
and generator are increased by increased a-c load cur- 
rent. This increased field current tends to counteract 
armature reaction and other internal drops in the gen- 
erator to give high peak output for motor starting and 
to permit carrying high intermittent motor torques. with- 
out the existence of excessive field currents at light and 
normal loads. 

\ normally closed relay in the circuit assures minimum 
resistance in the field circuit until the exciter voltage has 
built up to a predetermined value, when the relay opens. 
This results in rapid yoltage buildup and fast motor 
starting. Fig. 6 shows the volt-ampere characteristics of 
the generator, as well as the field current variation with 
line current. The voltage regulation at 3600 rpm is 5.5 
per cent at the basic 30-amp rating and 80 per cent 
power factor. The peak output is 25.5 kva at unity power 
factor and the efficiency at 30 amp is approximately 77 
per cent, including exciter losses. 

Motor Selection. Many different types and sizes of 
motors can be driven by the farm-tractor generator. Al- 
though most of these are standard commercial motors. 
some have and will be designed for special jobs. For 
example. one used on a hay baler is designed to get the 
maximum possible power output from the combination 
of generator and motor. This is of totally enclosed fan- 
cooled construction because it operates in a_ relatively 
dirty place and is subject to long periods of outdoor use. 
Special electrical characteristics are incorporated in the 
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Fig. 5—Schematic diagram of generator and voltage-regulator 


circuits. Grounded neutral system is used throughout to mini- 
mize the chance of shock. Such precautions are necessary since 
this system is of appreciable capacity. 


design, although it is basically a high-torque 71/-hp, 208- 
volt, 3-phase, 60-cycle, 1800-rpm, high-slip, short-time- 
rated induction motor. When operated from the generator 
it has a maximum momentary output of 15 hp and can 
run continuously at 10 hp output with a life expectancy 
that is consistent with the average for farm machines. 

Nameplate Rating. Although the preparation of 
nameplate data is normally a minor design task, it re- 


of the application. It became apparent that the usual 
nameplate data are nearly without significance to one not 
well versed in electrical concepts and terminology. Thus. 


plate marking would be meaningless and probably con- 
fusing to the farmer. For example, an electric motor of 
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Fig. 6—Curves show volt-ampere characteristics 
of generator as well as the field current varia- 
tion with line current. Voltage regulation at 
3600 rpm is 5.5 per cent for 30 amp and 0.8 
power factor. 








a given horsepower has considerably more real working 
ability than a gasoline engine of equal nameplate mark- 
ing. Again, a generator of, say, 10-kw, 0.8 pf rating will 
do far less real work than a transformer of equal rating. 

One approach considered was to eliminate nameplate 
ratings entirely on the basis that the generator and motors 
were integral parts of the tractor and trailing machines. 
However, since the generator was to be used for other 
purposes, it was decided that it should have some indica- 
tion of the electrical output. 

The final result was to settle on an ampere value as a 
basic rating of the generator. Practically all electrical 
apparatus that might be powered by the generator has 
an ampere rating so it is easy to find out what current 
is necessary to drive them. The user mere sly finds the sum 
of the nameplate currents of the devices to be driven 
and sees that it is less than the generator rating of 30 
amp. This is irrespective of the voltage connection used. 
The current rating has been supplemented by a 10-kw 
marking on the nameplate to give some added informa- 
tion. Voltage, frequency and speed are also listed. In 
addition there is the note, “For 110/120- and 208/220- 
volt equipment,” to further help the user. 

The motors supplied for powering trailing machines 
are called “Farm-Machine Motors.” They are designed 
for a specific duty and for use with the particular type 
of generator being discussed here. No standards for 
torques, locked-rotor currents, etc.. have ever been de- 
veloped for such motors, so a horsepower rating cannot 
have all the usual implications. In fact. it is apt to be 
misleading. Therefore, for farm machine use. it was 
decided to have no rating at all, and to consider the motor 
an integral part of the machine and electrical system. 
However, it is physically possible to use the motor for 
other purposes and to drive it from other electrical 
sources. 

To make it easier for the user to do this. voltage fre- 
quency, speed and the amperes for “continuous opera- 
tion at normal temperature rise” were added to the 
nameplate. The last item allows the user to select overload 
protection that will prevent damage to the motor. With 
this information the farmer can use the motor for odd 
jobs around the farm, such as sawing wood, etc. 

Motor Application. The farm tractor generator will 
drive any motor within its capacity. The accompanying 
table lists the ratings and characteristics of various motor 
loads that can be handled successfully by the generator. 
The information in this table is provided first for the 
farmer to enable him to determine the practical applica- 
tions of the system in terms of his own particular 
problem. It is also intended to guide the designer of farm 
equipment in the selection of drive motors that will be 
compatible with the generating equipment. 

As a standby power source, the generator will carry 
the total load of a farm serviced by 5-kva, 115/230-volt 
transformer, although the lights may be a little dim, the 
stove a little slow, etc. It will carry the load of the usual 
farm serviced by a 714-kva transformer with the excep- 
tion of the largest motors. In this case, the loads should 
be run one at a time. For example, an electric stove should 
not be used when a large water pump is operating. 

The designer of farm equipment must remember that 
the generator output is limited, and a special motor design 
may be required to get the greatest output of the motor 
and generator combination. The farm-machine load is 
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Types of Motor Loads Handled 
Successfully by Farm Generator 





Motor Characteristics 


Type |—— ay renee 
of Rating, 


Motor hp | Volts | Phase Application Notes 
Dp caieah caega eee oats eee 
Special 7 Ya) 208 | (3 Hay baler 
Standard 3 | 220 | 3 Alllloads 
r 5 | 220 | 3 Most leeds, onmapt com- 
pressors and piston 
pumps 
* 10 220 | 3 Centrifugal pumps, fans, 
saws (but not if starts 
are made under load) 
. 2 | 230 | 1 | All loads (3-hp may 
start) 
. 5 | 230 1 ~ Most leads, but not 
compressors and pis- 
| ton pempe 
” 7 "Al 230 | 1 Con * anetted it lightly 
loaded 
" 2 | 115 | 1 Alllloads 
24 3 115 1 te be satete if very 


lightly loaded 





characterized by having sudden high peaks because of 
It is, of course. 
desirable to have the motor carry these peaks without 
stalling or requiring the operator to “ease off” in some 
manner. This means that the highest possible locked- 
rotor torque and. particularly, 
desirable. 


varving and adverse field conditions. 


breakdown torques are 


A motor with the proper slip to drive the load under 
normal conditions should be selected. Its inherent design 
should be good so that the torque per ampere ratio is as 
high as practicable. The impedance of the motor should 
then be adjusted by varying the number of turns. or 
other parameters, so the greatest possible kva is drawn 
from the generator and transmitted to the motor. This is 
conveniently accomplished by drawing the motor im- 
pedance line on the generator curve of proper power 
factor, and noting the intersection. As a first approxima- 
tion, locked-rotor or breakdown torque will vary as the 
kva at the intersection. Of course, it is also necessary to 
make sure that the rotor operates properly at average 
load and at light load, and to make the necessary com- 
promises. Fig. 7 shows this for calculation for general 
purpose NEMA Design B induction motors. It can be 
noted that the 714-hp rating gives the maximum locked 
rotor torque for motors with general-purpose character- 
istics. 

Fig. 8 shows the electrical characteristics of a 74 hp 
motor when operating with the generator: Considerable 
current flows in the neutral wire under some load con- 
ditions: This is the sum of the third harmonic currents in 
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Fig. 7—Graphs show means for determining locked- 
rotor torque obtainable from motors of various imped- 
ance. Linear plots are impedance lines for 5-, 744- and 
10-hp motors. Remaining curve depicts generator regula- 
tion at 70 per cent power factor. 


the three lines: However, it is nearly impossible to detect 
any changes in the line current when the neutral circuit 
is opened and closed, and no change in locked rotor and 
breakdown torque or other operating characteristics has 
been found. 

Design Implications. The generator is now an ac- 
cessory, although it is certainly an “engineered” acces- 
sory and appears to be an integral part of the tractor 
when it is mounted. In the future, the generator may be 
built as an integral part of the tractor and factory 
assembled. In this event, the physical size and shape of 
the generator as well as the method of drive may be 
entirely different. 

Eventually, there seems to be a place for other sizes 
of generators, since the present unit obviously is not the 
optimum size for all possible applications. However, a 
much larger unit may require a larger prime mover if it 
is expected to provide full capacity under trailing-ma- 
chine operation. The present size draws a peak output 
from the gasoline engine equal to about one-half maxi- 
mum output, and leaves one-half for traction purposes. 

Probably the most important result that will be 
achieved is a greater degree of freedom for the trailing- 
machine designer. A new source of power is now avail- 
able to him and he will undoubtedly find ways and 
means to use it to advantage. Perhaps, completely new 
concepts and designs of trailing machines will be forth- 
coming to help step up the speed of operation of farm 
machinery from the present level, which is hardly more 
than that of horsedrawn vehicles. 
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Fig. 8—Electrical characteristics of a 744-hp motor when 
operating with the generator. Curve labelled “motor rpm” is 
indicative of the speed regulation of the motor under load and 
is obviously satisfactory for most machine applications. 


In this respect an analogy can be drawn from the 
experience of machine-tool builders in the transition 
from lineshaft to individual motor drives. The first step 
in motorizing machine tools was to merely place a large 
motor on the floor near the machine and drive through 
the same pulley used with the lineshaft. Similarly, in 
trailing machines so far motorized, a gasoline engine has 
been removed and a single electric motor substituted for 
it. In the case of machine tools, the present-day practice 
is to use a number of small motors located at various 
places on the machine, each driving a particular com- 
ponent. This has reduced the number of mechanical 
paths through which the energy flows, such as gears, 
transverse shafting within the machine, belts and pulleys, 
and has been one of the reasons that machine-tool de- 
signers have been able to increase the speed of operation 
so tremendously in recent years. 

In addition to using motors to better advantage, there 
is also the possibility of incorporating other electric de- 
vices on the trailing machines. Solenoids, welders, steril- 
ization lamps, spot heating and the like are distinct 
possibilities. The opportunity of increasing the safety of 
trailing machines by running a control wire with safety 
interlock switches at various parts of the machine has 
yet to be fully investigated. Electrically, it is very easy 
to arrange circuits that will shut down the generator in 
case the user opens any door or cover on the machine, 
thus minimizing the chance of physical injury. Another 
trend will almost certainly be the design of wholly new 
electrical tools and implements for use in the field. O O O 
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An ELECTRICAL MANUFACTURING 
STAFF REPORT 


Flexible Couplings 


for Motor Drives 


Operating principles and selection factors of some principal 


types are presented in this review. Many design variations are to be 


found in these basic types, all intended to compensate for limited misalignment 


resulting from poor mounting of motor and driven member. wear, thermal 


distortion and load deflection. Because of the profusion of 


coupling types. final selection is often arbitrary. 


FROM BOTH A THEORETICAL and practical standpoint the 
functions of a good flexible coupling are as follows: 

1. To transmit torque from the driving to the driven 
machine. 

2. To compensate for reasonable parallel and angular 
misalignments. In other words to eliminate reversed 
shaft compressive and tensile stresses and overloaded 
bearings due to misalignment. 

3. To provide for shaft end float in either or both the 
driving or driven units. 

1. To absorb shocks between the driving and driven 
units and smooth out irregularities of load and power. 

The purpose of a flexible coupling is not that of a 
universal joint; the flexible coupling is intended to accom- 
modate reasonable degrees of misalignment which may 
occur after the coupling has been installed. Despite proper 
installation, subsequent operating conditions such as the 
following are sufficient to cause shaft misalignments: 
bearing wear; thermal distortion; machine or mounting 
deflection under external loads; loosening of bolts; shock 
loads: and static or centrifugal loads. 

Flexibility in a coupling is generally obtained in one 
or more of the following ways: 

1. Loosely fitted hard parts, Fig. 1. 
are among the cheapest and are intended primarily for 
longitudinal misalignments, although some degree of par- 


These couplings 
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allel and angular misalignment can be tolerated if fit 
tolerances are large. 

2. Hard parts arranged for lubricated sliding action and 
made with close fits, Fig. 2. This category includes gear, 
roller chain and flexible chain couplings. 


» 


3. Flexible or resilient parts which usually do not re 
quire lubrication, Fig. 3.* 

Couplings with Loosely Fitted Hard Parts. l’rimary 
advantage of these couplings is their simplicity and low 
cost. Compensation for angular and parallel misalign- 
ments is limited by controlled clearances between the 
insert and jaws: however. end-float allowances are large. 
The Boston Gear coupling. Fig. 1. utilizes a porous bronze 
oil-impregnated insert: ratings vary from 6 to 91 hp at 
1800 rpm. 

\ similar coupling, known as the Oldham type. is shown 
in Fig. 4. Based on the double slider principle. it con- 
sists of a floating steel insert. and two cast iron or steel 
flanges. The flange faces engage the insert, permitting a 
sliding movement. These couplings are intended _pri- 
marily for low speeds and high torque: maximum recom- 
mended speed is 100 rpm. Horsepower ratings are ade- 
quate without the use of service factors and are in direct 
proportion to speed. 


Kent’s Mechanical Engineer's Handbook,’ John Wiley & Sons, In N.Y., 1950. 






ELECTRICAL MANUFACTURING 






























0. 





Fig. 2 





Fig. 1 


Metal insert type coupling. Clearances between porous 
bronze 


insert and jaws compensate for small misalignments. 


Boston Gear Works. 
Fig. 2—Sphereflex gear coupling manufactured by Philadelphia 
Gear Works. Crowned teeth permit increased 


misalignment 
without interference. 
Fig. Simple flexible member coupling, produced by Guar- 


dian Products Corp., utilizes neoprene or Buna-N center mem- 
ber with synthetic fiber reinforcement. 


Gear Couplings. This is one of several types using 
closely fitted hard parts. 
hub is provided for 
housing, 


\s shown in Fig. 5, 
each shaft end and a sleeve or 
with internal teeth, engages the hub gears. The 
drive shaft rotates the housing, which in turn drives the 
output shaft so that the entire assembly rotates. 


a geared 


The two 


Table I—Service Factors for 
Motor Driven Machinery* 





Fig. 








-Oldham 





type coupling 


made by 


Fig. 6 


The Jeffrey 


Manu- 


facturing Co. Coupling is intended for low speed, high torque 
applications. 


Fig. 5 


Fig. 6 
space or for unusual bore sizes. 


Extr 
coupling allows limited end play. 


Thr 


a face 


ee- 


tains oversize bore. 


housing 
= ! 
singie 


closure. 


unit, 


housing sections. 


forming 
Ring seals 
and hub shafts; 


sections are bolted together to 
dust-free, 
are provided between the housing 
occasionally a gasket is used between the 


Inc. 


width of internal housing teeth of this gear 
Link-Belt Company. 


part gear coupling designed for use in limited 
Dummy housing on left con- 
Farrel-Birmingham Co.., 


function as a 
lubricant-retaining en- 


The housing is free-floating and assumes a neutral posi- 





Table ll—Typical Gear Coupling Ratings* 





| 
j 









































Maximum HP at Length of Diameter of ; 
Electric motor driven Factor bore 100 Maximum coupling coupling Weight 
r eee eae in. rpm rpm in. in. Ib 

Electric generator........... 1.50 ED ce sides tks m or |. 5 eae poe 
OTe 1.25 1.000 2 14,000 2.375 3.938 5 
Centrifugal pump 1.50 ates somone csi ana Nei riche ses cigele AR ce ee a 
Line shaft, direct or through reducing gears 1.75 1.375 9 12,600 3.750 5.500 10 
Triplex single acting pump . 2.00 emcee rit ; abeathemates 2 cia aaie) a 
Duplex double acting pump aie 2.00 1.750 15 11,800 4.250 ~ 6.000 14 
Pulp grinders, screens, beaters, etc 1.75 Batic voip oe Selec ssa Skea aces asi ae See Agere eee ea coiduiiate 

rushers, ball or tube mills, veneer nom. 2.00 2.250 24 9,700 5.250 6.875 29 
Woodworking meonioaty - rns 1.50 . Seren ee occnciacanlliced a bee ise acces tiated eae EASE: 
Ammonia compressors............... 2.25 2.625 48 8,100 6.250 2 750 42 
Air compressors 2.50 paledieeent rigs ch a ne oleate xe * 
Rolling mills, steel, rubber, brass. 3.00 3.125 77 7,200 6.875 | 8. 875 66 
Mine hoists, elevators, cranes, ete . 2.00 sy scant eile dg te paataa ae ies ra pins igdlialiainis 
Rotary pumps or blowers J 2.00 3.500 131 6,700 8.375 ~ 9.500 83 
Belt and chain conveyors......... 1.50 eee isigs Mct ave thomas igen seg at ‘eae ao a flee 
Fourdriniers, dryers, calenders. 2.50 4.250 186 5,300 9.375 10.750 128 
For other ap pppedions apply the following aeectaion sa eae aishcsaeal baci eseeieeaeee = oe, tes < siutiaeuemens: 

shock loa: 4.875 280 4,800 10.875 13.000 178 
RU OO cd oie} Soars ses nomial — 89a male - ; si ieseaiaiaeticah a oe pices siasheag es 
Moderate shock load... ......... 2.25 5.250 385 4,500 12.500 13.500 238 
Heavy shock load ...... 3.00 pieidp ibaa adiclgan Seteiiea meters ceiminilhactla nai. aN nassau die keep aes 
6.625 610 3,700 14.375 16.000 


"Source: Philadelphia Gear Works, Inc. 
Link-Belt Co. 


"Source: Philadelphia Gear Works, Inc. 
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Fig. 7 





Fig. 9 


Fig. 7—Tolerance between parts provides misalignment com- 
pensation in silent chain coupling. Morse Chain Co. 


Fig. 8—Single roller chain coupling. End play provided for by 
clearances between sprockets and side links. Whitney Chain Co. 


Fig. 9—Light duty coupling manufactured by Naugler Engi- 
neering Co. Uses flexible S-shaped members of beryllium copper 
or phosphor bronze. 


Fig. 10—FlexRing coupling intended for fractional-hp duty 


tion with respect to the hubs when misalignment is present. 
Thus, secondary bending moments are eliminated and 
there is no increase of load on shafts or bearings. Hub 
teeth are usually crowned to provide clearance at the root 
of the housing teeth when misalignment occurs. Threaded 
wheel puller holes are sometimes provided on the inside 
hub faces to facilitate hub removal 

Procedures for selecting gear couplings have been 
standardized by most manufacturers. However, for a 
given application, the size of the coupling may vary 


Fig. 13—Steelflex cou- 
pling manufactured by 
The Falk Corporation. 
Resilient steel grid mem- 
ber fitted into hub 
grooves permits 


bility. 


flexi- 





100 





Fig. 10 





LIGHT LOAD 
Fig. 14 





Fig. 12 


uses synthetic rubber for flexible center member. Smith & 
Serrell, Inc. 


Fig. 11—Flexibility of Buna-N spider compensates for mis- 
alignments in simple three-piece coupling. Gerbing Manufac- 
turing Corp. 


Fig. 12—Two sets of flexible steel disk, bolted alternately to 
the center member and end flanges provide compensation in 
coupling manufactured by Thomas Flexible Coupling Co. 


depending on individual manufacturer’s capacity ratings. 
The following represent typical recommendations: 

1. Divide the horsepower to be transmitted by the rpm, 
and multiply this by 100. The result is transmitted hp per 
100 rpm. 

2. Using Table I, 
factor. 

3. Multiply the hp per 100 rpm by the service factor. 
The product is the coupling hp per 100 rpm required. 

4. Refer to Table II and select the coupling which has 
a maximum bore large enough to receive the largest shaft. 
The hp rating corresponding to this shaft size should be 
equal to or greater than the coupling hp per 100 rpm 
calculated above. If not, a larger coupling must be 
selected. 


determine the applicable service 


On some equipment such as rolling mills, dredge pumps 
and conveyors. where the driven machine is likely to be 


| <> 
‘ | 
NORMAL LOAD SHOCK LOAD 


Operating principles of Steelflex coupling. 
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Table lil—Horsepower Ratings for Double Roller Chain Couplings* 
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Maximum Revolutions per min 

= | 2 | 500 700 900 | 1200 | 1500 | 2000 | 2500 | 3000 | 4000 | 5000 
wn | | os | ew [es [on | tee | ae | se | ame | ses | me oe 
1,950 3.6 6.6 8.8 10.5 12.2 43 | 48 191 | 2.7 | 990 | 90 | 980 
[a | 3 | 198 16.9 20.0 49 «964 | «(209 =| (kk) 4 é 
"geso | 140 | 937 | 208 | 384 | 0 | 0 | S12 | 390 | 65.4 1.0 he ees 
“g105 | 323 | sto | 650 | 75.0 | 935 | 945 | 1030 ee eee Pesca gat 
a | oe | os | ene | tre cee | cme | -se |) bee ee ee 
ais | 970 =| 1460 =| «1760 =| a0 | e900 | oso | 70 | oe dou eo alighe 


*Source: Morse Chain Company. 


stopped suddenly, it is often desirable to provide a weak 
link to localize and minimize damage. To accomplish this, 
internal teeth are machined at one end of the housing 
only. At the other end a loose ring with internal teeth 
meshes with the hub and is retained in a housing groove 
by means of shear pins, designed to break at a predeter- 
mined torque. Another variation of this design utilizes 
shear bolts as fasteners for the halves of the coupling 





tral guide link, fitted between the sprockets, which centers 
the chain and permits end float. Disconnection is accom- 
plished by unwrapping the chain after removing the single 
connecting pin or by moving either sprocket endwise out 
of mesh with the chain. 

The simplest form of roller chain coupling is shown 
in Fig. 8. Variations on this design utilize split rollers 
(each roller half contacts a sprocket), or double roller 





x housing. chain (each chain half contacts a sprocket). Use of a 
Shown in Fig. 6 is a specialized version of the gear double chain increases roller sprocket bearing areas and 
. | coupling consisting essentially of three parts—a broad hub — consequently affords greater horsepower capacity for a 
c: keyed to the shaft; a floating sleeve or compensating given overall diameter. Sprocket teeth are designed to 
member: and a rigid outer member. Use of the rigid provide clearance between the chain side links to com- 
housing shown on the left is optional. If a large housing pensate for misalignments. Typical horsepower ratings for 
: is used then large driven shafts can be accommodated: a double roller chain coupling are shown in Table III. 
conversely. use of a small housing permits radial clearance For lubrication at low speeds, a medium body machine 
around the driven shaft. Elimination of the housing or engine oil is recommended. However, when operating 
altogether permits the coupling to be bolted directly to a over 500 rpm, or at lower speeds in a moisture or dust- 
flywheel in limited space applications. laden atmosphere, couplings should be enclosed in a 
.. Oil filler plugs are usually provided in the housings housing and lubricated with a non-corrosive, non-sepa- 
of gear couplings. For best operation under normal con- 
a, ditions, grade SAE 90 or 600W gear oil is recommended. 
T Grease or ordinary machine oil should not be used. 
Small nylon gear couplings, requiring no lubrication 
e are being manufactured by the John Waldron Corp. 
These couplings are used in small rheostat drives, in iest- Fig. 15—Flexible lamin- 
r. ing machines and small tool drives and other fractional-hp nated pin coupling (Fran- 
: eee ee ; cke type). Pin assembly 
drives where lubrication is not required, where speeds are sides Sa cel leleiaatinns: 
as high but loads relatively low and where couplings having wax-impregnated bronze 
it. non-magnetic and non-corrosive characteristics are a bushings. John Waldron 
ve prime requisite. Experimental speeds have run as high Corp. 
m as 45,000 rpm. Because of nylon’s light weight, high speed 
pe unbalance is not as critical as when heavier materials are 
used. 
ps Chain Couplings. Principal advantages of chain 
be couplings are low cost and easy disconnection. These 
couplings are of two general types; roller chain and the ’ 
so-called silent chain. The silent chain coupling, Fig. 7. a or eee ar 
placement of pre-loaded 
consists essentially of two sprockets, wrapped with silent rubber biscuits provides 
chain to provide positive power transmission. for shaft misalignments 
Due to the large number of contact points between the in Morflex —_ coupling. 
chain links and the sprocket teeth, the load is distributed sseickinamenaiaan 
) so that unit stresses are small. Tolerances between the 
» chain links and pins permit loads to be divided among the 
pins when misalignment is present. The chain has a cen- 
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Table 1V—Horsepower Ratings and Maximum Misalignments for Flexible Disk Couplings* 























| Service factors 
rie te ae eee see 5 Maximum misalignments 
| 1 2 3 : ee 
Maximum Maximum a 
bore speed ae = Angular Parallel Free end float 
in. pm Horsepower per 100 rpm 29 in in 

ee] 5000S” 0.70 | 0.49 0.33 1 Ni i 

: a. 3600 2.00 1.40 0.93 1 1, 54, 

Sip ae Caen: | 3600—~COt—~™S 3.90 2.70 1.80 1 Mi | i 

al nn 6.40 4.50 3.00 1 “~ \% 

Rey a ee es P 7.30 5.10 3.40 1 lg 1g 





Service factors: 
Light load; low starting torque—t1; high starting torque—?2. 
Medium load; low starting torque—2; high starting torque—3. 


“Source: Thomas Flexible Coupling Company. 


rating grease of medium consistency with a melting point 
at least 50 F above surrounding room temperatures. 
Couplings Using Flexible or Resilient Parts. The 
primary advantage of couplings of this type is that in 
addition to compensating for the usual misalignments, 
some degree of torsional resilience is provided to mini- 
mize shock loads and lessen noise. Torsional resilience is 
the ability to spread the peak or shock loads over a rela- 
tively long time increment, thereby reducing stresses. 





Fig. 17—Removable, rubber, duck-fabric cushions permit flexi- 
bility in Type C-R coupling. Lovejoy Flexible Coupling Co. 





Fig. 18—Flexibility of neoprene-fabric insert compensates for 
shaft misalignment in coupling made by T. B. Wood’s Sons Co. 


Fig. 19—Steel flange pins engaging free-floating fabric disk 
provide correction in coupling manufactured by W A. Jones 
Foundry & Machine Co. 
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This resilience is provided in varying degrees by a wide 
variety of couplings based on the fundamental construc- 
tion of two flanges connected by resilient spring or non- 
metallic elements. 

Because of high torsional deflection, destructive reso- 
nance can occur on pulsing drives and the ratio of critical 
speeds (speeds producing a resonant condition) must be 
checked when full-load deflections are over 1 deg. Some 
manufacturers recommend that the natural frequency of 
rotating parts be made less than 40 per cent, or more 
than 200 per cent of the exciting frequency. This can be 
done by selecting a larger coupling to raise the natural 
frequency or by using two tandem couplings to lower it. 
In any event, where pulsating loads or drives are involved, 
manufacturers’ recommendations should be checked. 

One of the simplest forms of a flexible member coupling 
is shown in Fig. 3. Designed for applications ranging 
from 4; to 3 hp at 1750 rpm, this coupling utilizes a 
neoprene or Buna-N flexible member, with synthetic fiber 
reinforcement. Sizes include lengths from 1 to approxi- 
mately 3 in., and diameters from 1144 to 24% in. 

Beryllium copper or phosphor bronze are used as 
flexible members in the Naugler coupling, Fig. 9. Torque 
ratings at 4000 rpm range from 4 to 215 oz-in. in the 
4 and 114 in. diam sizes. Compensation for angular 
misalignments up to 8 deg and 0.030 in. lateral displace- 
ment is claimed. 

Illustrated in Figs. 10 and 11 are two similar coupling 
designs that use a flexible member of synthetic rubber. 
The FlexRing coupling is intended for fractional-horse- 
power applications at a maximum speed of 5000 rpm. 
Diameter and length are 134 and 1% in. respectively. 
Ratings of the Gerbing coupling range from 11% to 25 
hp at 1750 rpm. Buna-N rubber is used for the spider 
material because of its heat- and oil-resistant properties. 

Variations of the Thomas flexible disk coupling design, 
Fig. 12, are available in capacities ranging from 1 to 
40,000 hp and 1 to 30,000 rpm. The coupling illustrated 
is intended for high speed light and medium drives. 
Horsepower ratings and service factors for electric motor 
drives are shown in Table IV. 

Misalignments are accommodated by the two sets of 
flexible disks. Since the impact strength of steel in the 
rolling direction is roughly 214 times greater than in the 
transverse direction, the grain of the disks is alternated 
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Table V—Typical Ratings for Flexible Pin Couplings* 
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Motor rating—Horsepower and rpm 






































Usual motor shaft wk ss 
diam in. 600 900 an 1500 | 1800 3600 
34-1 let 34-114 34-2 34-2 1-3 2-5 
1-4 - E “eee eae ee | 10 20-25 
114-24 — | 4G | ORS | 85-30 | 30-40 en 
24-34 40-60 eee ae Le 125-150 — ae 
4-434 100 | Ca 200: | * 250-300 | 300 _ 
4-5 150 250 300 | ae | 500 _ 
5-6 250 400 500 | _ | _ a 
Based on a service factor of 1. 
"Source: Smith & Serrell, Inc. Cs eas ye 


to increase load-carrying capacities and resistance to 
fatigue and shock loads. A slight flexing of the disks 
compensates for misalignments and provides for free end 
float. Power is transmitted in straight tension by the 
disks, which are bolted alternately to the end flanges 
and the center member by body-fitted bolts. 

Misalignments and end float are accommodated in the 
Falk coupling by means of a resilient steel grid member, 
fitted into grooves in the two shaft hubs, Fig. 13. The 
taper at the end of each tooth permits angular cocking 
or lateral displacement between the two hubs without 
overstressing the flexible member. Since the flexible 
member rides freely in the grooves, a limited amount of 
end play is available for each hub. Covers and neoprene 
seals are provided for lubrication and dirt-free operation. 

Under light loads the grid member fits in the grooves 
closely only at the base of each tooth, Fig. 14. As the 
load increases, the distance between supports on the 
grooves is automatically shortened, thus stiffening the 
grid member against bending. Under severe shock loads, 
the load becomes so great that the grid member bears on 
the entire length of the teeth, making possible transmis- 
sion of overloads. 

Horsepower ratings and shaft sizes of the Falk coupling 
correspond roughly to those of the flexible disk coupling 
listed in Table IV. 

The standard flexible pin coupling, Fig. 15, consists 
of two shaft-mounted flanges connected by torsionally 
flexible pin units. The pin units consist of two slotted 
steel keepers, one on each end of the pin assembly, and a 
number of crucible steel laminations. The laminations 
are free to swivel on the cross pins which hold them in 
the slots of the keepers. 

One end of each of the pin units is held with respect to 
the flange by means of a spring retaining ring. The other 
ends are free to move in self-lubricating, wax-impreg- 
nated, bronze bushings. Up to 1% in. of end float is pro- 
vided in some models. Typical horsepower ratings and 
sizes are shown in Table V. 

Resilient, non-cold-flow rubber biscuits are used as 
flexible members in the Morflex coupling, Fig. 16. Rela- 
tive movement between shafts is confined to the controlled 
displacement of the pre-loaded biscuits, designed for 
uniform stress and linear displacement. Bolts used to 
secure the biscuit assembly are subject to tensile stresses 
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only; the shear is taken up entirely by the end pilot on 
the bushing. 

The Lovejoy coupling, Fig. 17, is furnished in six sizes 
from 21 to 150 hp at 1800 rpm. Loads are transmitted 
through rubber duck fabric cushions, removable for 
replacement after sliding back the coupling collar. As 
with other couplings of this type, critical speeds should be 
checked if loads or drives are pulsating. 

The Wood’s coupling, Fig. 18, consists of two cast iron 
flanges, with integrally cast radial lugs. The disk insert 
is made of laminated fabric impregnated with neoprene 
to withstand oil, water or high operating temperatures. 
Oak-tanned leather disks are also available. 

A similar coupling design is shown in Fig. 19. 
The hubs are fitted with steel pins, which engage a fabrie 
disk and project into recesses in the opposite flange. The 
holes in the disk are slightly larger than the pins to com- 
pensate for slight misalignments. O00 
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B. B. KRAMMES, Staff Engineer 
THe Hoover Company 
North Canton, Ohio 


Development of a 


Steam Electric Iron 


Research for better materials and improved 


processing techniques, as well as use of design experience 


and creative talent, are necessary to meet design objectives 


of a superior product within a competitive price market. 


WHEN THE HOOVER COMPANY first undertook the develop- 
ment of a steam-electric iron a few years ago, as design 
objectives it was determined that the iron should be: 

1. A high quality appliance 

2. Convenient and satisfying to the user 

3. Equal to or better than the best of competition in 

performance 

4. Distinctive in appearance 
5. Selective in features to the limit that competitive 

selling price would allow 

6. Simple in construction for ease of maintenance. 

At the start of the design problem, the systems of mak- 
ing steam had to be evaluated, and a decision made as to 
which method of steam generation was to be used. Present 
day irons have two methods of steam generation: the 
boiler method and the flash method. The boiler type 
steam iron is one with a closed water reservoir super- 
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imposed over the soleplate so that water contained therein 
can be boiled. The resulting steam is piped by a duct 
system to exit ports in the soleplate. The flash type steam 
iron also has a reservoir, but it is open to the air, and 
a metering orifice at the bottom allows small increments 
of water to drop into a hot flash chamber area of the 
soleplate. This flashes the water into steam which as 
before is conducted to ports in the soleplate. 

The boiler type system was rejected for several reasons: 
Most important were the opinions that water should not 
be boiled in a closed reservoir; that an objectionably long 
period of time is required to raise the full volume of 
water to the boiling point; and the boiler type did not 
lend itself well to a combination steam and dry iron 
because of the difficulty of arriving at a system of steam 
control. 

In the flash type of steam iron, the steam can readily 
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FIG. 1—(Left) Latest form of Hoover flash- 


type steam electric hand iron. 
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FIG, 2—Details of the die cast aluminum soleplate, showing flash chamber and steam channels. 


be controlled by valving the water leaving the reservoir. 
Because of this feature, a flash type iron can be used as 
a steam iron or a dry iron. The flash type cannot build 
up pressures since no steam can be generated if the reser- 
voir valve orifice is obstructed; contrariwise, with clogged 
steam ports the steam will be relieved through the tank 
to open air. Another advantage of the flash type iron is 
that very little time is required for heating up of the 
soleplate, and steaming can occur within two minutes. 

Having reached a decision as to basic type, it was 
necessary now to investigate the prior art. This encom- 
passed search of patents and an evalution of competitive 
products. Existing deficiencies were noted, and a determi- 
nation made as to desirable improvements. Considered 
of particular importance was the need to design the iron 
for easy disassembiy. The user cannot be counted on to 
continue the use of distilled water in a steam iron, and 
periodic maintenance is necessary to remove the deposits 
that build up with the use of tap water. This is especially 
true in hard water areas. The final design of the iron 
is shown in Fig. 1. 

The common method of providing heat and controlling 
it is to use some form of electrical resistance heating and 
thermostatic control. Resistance heating can be done with 
ribbon type of resistance wire wound on an insulating 
sheet and held adjacent to the soleplate with a pressure 
plate. It can also be accomplished with a tubular sheath 
type of element cast into the soleplate. This is a more 
indestructible assembly and with its intimate contact with 
the soleplate allows an efficient transfer of heat. The tubu- 
lar sheath type element is usually cast into aluminum, 
which has high thermal conductivity. The tubular ele- 
ment was selected for incorporation in the design. 

This tubular element is made up of a mild steel tube 
containing the coiled resistance wire which is insulated 
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from the tube by means of magnesium oxide powder. 
The element is swaged to a reduced size, compacting the 
magnesium oxide to a rock-like hardness. The resulting 
tubular element is bent to the desired shape, reswaged at 
sharp bends, and then becomes an insert in the cast alu- 
minum soleplate. 

There are two methods of making soleplates with cast-in 
elements: the permanent mold method and the die cast 
method. The permanent mold method involves inserting 
the heating elements into the mold, followed by ladling 
of the molten aluminum into the mold. This process is 
expensive due to the slowness of the hand operation, and 
the requirement that the casting must be machined to 
obtain smooth surfaces. Die casting encompasses molding 
under pressure in polished dies resulting in smoothly 
cast surfaces requiring a minimum of finishing opera- 
tions. With multiple die cavities, the process is relatively 
economical. 

It is desirable to use the hardest aluminum alloy pos- 
sible for the soleplate casting since an iron must resist 
scratching and marring during extended ironing use. 
Aluminum alloy with a high copper content has the most 
desirable characteristics but is not generally considered 
too satisfactory for die casting. Hence, an extended re- 
search program was initiated to learn how to die cast the 
high copper alloy. Techniques were successfully accom- 
plished so the economies of die casting could be used 
in the new product. 

Evaluation of the prior art indicated that there is an 
optimum temperature of the flash chamber which will 
provide the best steaming for a selected volume of water 
to be evaporated. An inadequately heated flash chamber 
area will result in flooding of the iron. If the flash 
chamber is too hot, the steam developed will be of a dry 
character and not completely satisfactory for ironing. An 
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extremely hot flash chamber area will cause the water 
dropping from the reservoir to dance as balls supported 
by steam on their tangential contact points, resulting in 
expulsion of globules of water. 

The tolerability of a flash type steam iron between the 
ranges of flooding and spitting is greatly influenced by 
the area available for the evaporation of water in the 
form of the flash chamber itself and the ducting system. 
A given temperature range will prove to be the optimum 
for any given construction. The use of a hydrophylic mate- 
rial to increase the wetting properties of the surface in 
the flash chamber area also will increase the tolerable 
temperature range for steaming. 

In Fig. 2, picturing the assembled soleplate, the steam- 
ing area can be studied. From the flash chamber forward 
steam channels extend back to about the thermostat posi- 
tion where the steam path is carried through the cover 
plate (above) to the outside channels. Exit ports are 
located here. The area of the flash chamber, the duct 
system and the configuration of each were determined 
by testing numerous trial models with a selected water 
rate and a predetermined temperature range. The water 
rate was chosen by actual ironing tests. The final size 
thus arrived at has a flash chamber bottom area of 0.5 
sq in. with 0.281 in. high walls surrounding it. However, 
the entire ducting system is heated and is capable of flash- 
ing into steam any water that gets by the flash chamber 
proper. To allow easy spreading of the water, the bottom 
of the flash chamber is treated with sodium silicate. 

In the original design, the die cast soleplate was made 
of alloy 138, a high copper, hard aluminum alloy which 
has good heat conductivity. It contains a cast-in tubular 
sheathed heating element of 1000 watts. The element ends 
have been impregnated with a silicon resin to prevent 
moisture penetrating and causing electrical leakage. The 
element emerges from the soleplate in the rear with ex- 
posed terminal wires to which are spot welded terminal 
strips for the connection to the thermostat and the line 
input. A third connecting strip connects the other side of 
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the thermostat to the line input. All connecting strips are 
insulated from ground with ceramic insulators held in 
position by a covering clamp. 

The steam passage cover is a die casting held to the 
soleplate by means of nine screws. It contains a tank 
valve support made of a stainless steel to take advantage 
of the poor conductivity of the material so that heat is 
not transferred rapidly to the reservoir tank above it 
and will prevent the water in the tank from boiling under 
normal operating conditions. An elastic silicone paste is 
used for a seal between the steam passage cover and the 
soleplate. 

The thermostat is a type frequently used for flat irons 
and is centrally located. Two contact springs carrying 
the electrical current are caused to open as the bimetal 
upon heating exerts a force on one spring through a 
ceramic pin, 

Interesting problems in water reservoir construction 
were presented. Materials that would resist corrosion had 
to be selected and consideration given to a leak-proof 
construction, proper mounting, and convenience to the 
operator in filling the reservoir. Handle materials also 
had to be selected, attractive handle shapes determined. 
and the handle heat insulated for comfort to the user. 

The tank is formed of sheet aluminum in two halves 
assembled and crimped around the periphery, Fig. 3. 
It has a valve seat which rests on the valve support of the 
steam passage cover. A teflon-impregnated glass fiber 
gasket provides a seal at this point. The tank is supported 
on three points by means of the valve support and two 
tabs extending from a bracket and contacting the rear 
tank flange. 

Directly above the valve is a filler tube spout that is 
open to the air at all times. Through the spout runs a 
brass rod which is the male part of the valve system. 
It is actuated by a thumb control mounted in a_ brass 
bracket on top of the filler tube. A stainless steel spring 
going over the center holds the valve stem firmly in 
either the open or closed position. 
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Outside cover shield is drawn from steel and is chrome 
plated. To it the molded phenolic handle is attached with 
self-tapping screws. To minimize heating of the handle. 
a stainless steel bracket is used in the front leg because 
of its poor heat conductivity. The filler tube spout. which 
is spun into the aluminum tank body. is surrounded by a 
forked spring which firmly seats the tank in assembly on 
the valve support. 

To provide quick assembly and disassembly, all parts 
are held together by one main center bolt (Fig 3). 
Removal of this bolt permits removal of the handle and 
cover shield as a unit, allowing the water tank to be 
slipped out and exposing the nine screws holding the 
steam passage cover plate to the soleplate. 

This assembly bolt is concealed under the large molded 
phenolic thermostat dial, which is free floating. Its inner 
hub snaps into four equispaced spring fingers riveted to 
the cover shield. Engagement with the slot in the thermo- 
stat shaft is through a stamped steel link. This method 
of attachment accommodates small misalignments. The 
distinctive dial not only provides a large surface for read- 
able markings, but protects the operator’s fingers from 
heat emitted from the soleplate cover. 

Through the rear leg of the handle, a heater cord 
enters through a vinyl cord protector and the leads are 
attached to the connector strips in the rear of the sole- 
plate. 

In operation, the iron which weighs only 314% Ib is 
placed on its heel rest, and filled through the filler tube 
spout with the steam valve closed. The iron is then 
allowed to heat up at the dial position of “Steam.” This 
will take approximately two minutes and at the end of 
that period the steam valve can be opened and steam 
ironing begun. The tank holds about 200 ce of water. 
equivalent to about 45 min of ironing time. The tolerable 
soleplate temperature range for steaming is 310 F to 
360 F. 

When the iron is used as a dry iron, numerous dial 
positions are available for the various types of fabrics 
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FIG. 4—Steps in dis- 
assembly of iron. 


Takes 1 minute. 





in use today. Thermostatic control is from full off to 
540 F. 

The latest iron to be put on the market is of similar 
construction but has several added features, the main 
one being the incorporation of a stainless steel clad sole- 
plate. In the previous iron even though the hardest type 
of aluminum alloy had been used, there were complaints 
of the soleplate becoming burred and scratched when the 
iron was passed over hooks, zippers, eyes and metal but- 
tons. Scratches tend to pick up and snag very fine threads 
in delicate fabrics such as nylon, rayon and silk. Another 
problem with the straight aluminum soleplate occurs 
when the iron is left resting on the soleplate with the 
tank full of water and the valve inadvertently left open. 
In the puddle of water that forms, galvanic corrosion 
occurs which stains the soleplate. Even though the dis- 
coloration is not harmful, women hesitate to use the iron 
on many materials. 


Stainless Steel Facing Plate 


After extended development, the problem was resolved 
by the bonding of a 0.012 in. stainless steel plate to the 
casting. Thus, the advantages of aluminum, its light 
weight and good heat conductivity, were retained. With 
the stainless steel surface, scratching, burring, and dis- 
coloration are practically eliminated. Details of the 
process cannot be revealed at this time. 

The wattage has been stepped up to 1100 watts to allow 
greater speed in heating and increased heat capacity for 
ironing. Increased length of attachment cord and button 
nooks are also added features. 

The irons have been economical to manufacture and 
the desired performance has been obtained with limited 
production rejects. The irons have met with public ac- 
ceptance and there have been relatively few complaints 
from the field. The easy disassembly for maintenance has 
been a strong point in the acceptance of the design. 

OOO 
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Losses in 
Magnetic 
Ferrites 


Measurement of losses in manganese-zine and nickel-zinc ferrites 


permits development of empirical and analytic methods for calculating 


total core losses. Steinmetz equation found applicable for calculating 


hysteresis losses at flux densities up to 2000 gausses. 


G. 8. HIPSKIND 

Molded Products Development 
Tube Department 
Rapio CORPORATION Of 
Camden, New Jersey 


AMERICA 


IN THE PAST FEW YEARS, great interest has been shown in 
magnetic ferrites because of their low-loss, high permeabil- 


ity characteristics. As new and improved materials have 


become available, applications have multiplied and moved 
progressively toward higher frequencies. As a result. mag- 
netic measurements have become more complex in tech- 
nique and interpretation. The measurements and data 
needed on a core of ferrite for use in a television applica- 
tion, for example, differ greatly from those required on 
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40 16 
Current density, ma/cm* 


a piece of solid iron for an electromagnet or relay. 

For the purpose of determining the losses in magnetic 
ferrites, two C-shaped manganese-zinc ferrites having the 
following physical properties were prepared: 


Weight 79.45 gm 
Density 1.975 gm/cu cm 
Volume 15.95 cu em 
Area 1.01 sq em 


Length of magnetic path 16.6 ecm 
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FIG. 1 (Left) —Caleulated and measured values 
of hysteresis loss of manganese-zine ferrite as 
a function of maximum flux density. 


FIG. 2 (Below) Hysteresis loss and maxi- 
mum flux density as a function of temperature. 
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FIG. 3 (Right)-—Hysteresis loss and maximum 
flux density as a function of magnetic field 
strength. 


FIG. 4 (Left) —Resistivity as a function of ecur- 
rent density at a constant temperature of 25 C, 


The ferrites were assembled with their open ends to- 
gether. Prior to assembly, the open ends were ground to 
minimize air gap effects. A 25-turn and a 104-turn winding 
were placed on each leg of the core. 

Evaluation of Steinmetz Coefficient and Expo- 
nent. Provided the hysteresis loop for the ferrite sample 
is normal, the hysteresis loss per cubic centimeter per cy- 
cle can be determined by use of the Steinmetz equation, 
(1)* 


*Ttalic numerals in parentheses apply to Cited References at end of text. 
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Moximum fiux density (Bm), gousses 


Hysteresis loss (Wp), ergs /cm/ cycle 





0 1 2 3 4 5 6 7? 8 
Maximum magnetizing force, oersteds 


Wi,=n B,," (1) 
where: W),=hysteresis loss in ergs/cu cm/cycle 
1 =Steinmetz coefficient of hysteresis loss in ergs/cu 
cm/cycle 
B,,=magnetic flux density in gausses resulting from 
maximum field strength 
n=Steinmetz exponent 


When test data for the ferrites described above are 
plotted on a log-log scale, the points are reasonably close 
to a straight line. The values of the constants, determined 
hy the method of least squares (2), follow: 

n=1.88 X 10° ergs/cu cm/cycle 
n=2.15 

Equation (1) therefore becomes: 


W,,=1.88 10° B, 2?" ergs/cu em/cycle (2) 

The hysteresis loss calculated from equation (2) is 

plotted together with the measured value in Fig. 1. The 

curves indicate that equation (2) may be used to calcu- 

late the loss with reasonable accuracy for values of B,, up 
to 2000 gausses. 
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Hysteresis Loss and Maximum Flux Density as a 
Function of Temperature. For most commercial appli- 
cations, cored materials are subject to temperatures rang- 
ing from 25 C to 150 C. These temperatures are caused 
primarily by losses in the cores and by heat dissipated 
from surrounding equipment. 

The C-shaped manganese-zinc ferrite cores were placed 
in an oven, and the temperature raised to 140 C. A hyster- 
esis loop was then measured by the ballistic method at 
temperatures ranging from 25 C to 140 C at intervals of 
about 20 deg. In each case, the maximum magnetizing 
force used was held constant at 3.78 oersteds. The loops 
were integrated, and the value of loss plotted against 
temperature, Fig. 2. It is apparent that the hysteresis loss 
decreases with increasing temperature. This condition 
also exists in both Mo-Permalloy (3) and nickel-zine fer- 
rite. 

The value of B,,, which is plotted along with the hyster- 
esis loss in Fig. 2, also decreases with increasing tem- 
perature. This condition also exists with nickel-zine fer- 
rite, but with Mo-Permalloy, B,, increases with increasing 
temperature. Thus, with an increase in temperature, the 
permeability of ferrite decreases, whereas the permeability 
of Mo-Permalloy increases. 

Fig. 3 shows the hysteresis loss per cycle, and the values 
of B,, plotted against the maximum field strength, H,,. 
Both W,, and B,, rise quite rapidly for values of H,, up to 
2 oersteds. Beyond that point, the W,, curve continues to 
rise, although at a much slower rate, but the B,, curve 
tends to level off. This general trend was also observed for 
nickel-zine ferrites and for other magnetic materials (1). 

Resistivity. In general the resistivity of ferrites is 
of the order of 250 to 300 ohm-cm, although values as 
high as 1x10° ohm-cm have been reported, depending on 
the composition of the material. By comparison, the re- 
sistivity of U.S.S. Transformer Sheet Steel No. 52 is 
65x10-* ohm-cm. (4) 

Ferrite resistivity measurements were obtained for var- 
ious values of current density. As shown in Fig. 4, the re- 
sistivity of the manganese-zinc ferrite decreases as the 
current density increases. The same general trends exist 
with nickel-zine ferrite. Fig. 5 shows the change in resis- 
tivity with temperature of two ferrites at constant values 
of current density. This decrease of resistivity with in- 
creasing temperature is a departure from the behavior 
of other magnetic materials, which exhibit increasing 
resistivity with increased temperature. 

Total Core Losses. Fig. 6 shows a family of curves of 
total core loss as a function of frequency for ferrites at 
various values of flux density. The power loss due to eddy 
current may be represented by the following equation: 

Kf Bm? (3 
adel 


fn 


where: P,=power loss due to eddy current in watts per Ib 
K =a constant representing core dimensions 
f=frequency in cps 
Bm=maximum flux density in gausses resulting from 
maximum field strength 


Q=resistivity of material in ohm-cm 
Equation (3) may be simplified as follows: 
P, = K.f*B," (4) 
where K, is the eddy current constant including resistivity. 
The total loss in the core consists primarily of hysteresis 


and eddy current losses. The equation for the total loss. 
r, i: 
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P - nf ica a K.f?B,.” watts (5) 


For a constant maximum flux density equation (5) may 
be written: 


P=K’,f + K’.f? watts (6) 
where K’,, and K’, are functions of the flux density B,, and 
represent the hysteresis and eddy current factors respec- 
tively. If both sides of equation (6) are divided by f. 

Pp 

- = K’), T K’.f joules (7) 

f 

P 

Equation (7) is a straight line in terms of — and f with 
constants K’,, and K’,. 

The method of least squares may be used to evaluate 
K’,, and K’,, and the hysteresis and eddy-current loss can 
then be computed by: 

P,, = K’,f watts per lb (8) 

P. = K’.f watts per lb (9) 

If P, represents the total loss per pound, and P,, and 
P. represent the hysteresis and eddy-current losses, re- 
spectively, data obtained from the curves of Fig. 6 may 
be used to determine what portion of the total loss is due 
to each effect. Data obtained from the 500 gauss flux 
density curve were used to obtain the following values of 
K’,, and K’, by the method of least squares. 

K’,=1.198 & 10-4 
K’.=0.44 X 10-9 

These values were substituted in equations (8) and (9) 
for a frequency of 70 ke. 

P,=1.198 X 10 x 70 X 108 

=8.380 watts per lb 

»=0.44 X 10-9 X 702 X 108 

=2.157 watts per lb 


The total loss per pound of core material therefore, is 
P,= 4" + P, 
=8.380 + 2.157 
= 10.537 watts per Ib 
This result is very close to the loss of 10.50 watts per 
lb shown in Fig. 6 at 70 ke. As an added check, the value 
of hysteresis loss can be computed from equation (2) fora 
maximum flux density of 500 gausses. 
W,,=1.88 XK 10-5 & 500 2-15 
= 11.87 ergs/cu cm/cycle 
The hysteresis loss in watts P’), may be found by: 
P’,=W, X 107 Xf XV 


P’,,=11.87 X 10-7 X 70 X 108 X 15.95 
1.326 watts 


volume of material in cu cm 


i} 


II 


where: \ 
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FIG. 5 (Left) — Resistivity of 
manganese-zine and nickel-zine 
ferrites as a function of tem- 
perature. 
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FIG. 6 (Right)—Total core loss 

as a function of frequency at 4 
25 C for various values of flux 

density. 
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The hysteresis loss in watts per pound, P,,, is equal to: 
i.3e 


P, = 


1.33 
0.175 
W = weight in lb 


57 watts per Ib 
where: 


This value is somewhat lower than the value of 8.38 
watts per lb calculated from the total loss. However, in 
view of the various possibilities of error, it checks very 
well. 

Losses were also separated for a maximum flux density, 
B,,, of 200 gausses using the data shown in Fig. 6. For a 
frequency of 70 ke the following losses were found: 

P,, =1.095 watts per lb 
P, =0.140 watts per lb 

The value of the hysteresis loss calculated from equation 
(2) is 1.07 watts per lb. This value agrees more closely 
with the value of 1.095 obtained from the total loss curve. 

In the preceding calculations, the losses for a given 
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maximum flux density have been reported. It is also de- 
sirable to determine the variation of the hysteresis and 
eddy-current losses with flux density at a constant fre- 
quency. The hysteresis loss for a constant frequency 
should vary as the 2:15 power of the maximum flux 
density : 


Bue 215 
Pro = Pal : (10) 
ml 


The value of P),;, for a flux density of 200 gausses at 70 
ke is shown in Fig. 6 as 1.095 watts per lb. Substituting 
these values in equation (10): 


500\ 2-45 
Pre =1 .095(——) =7.88 watts per lb 
200 


This value compares quite well with the value of 8.38 
calculated from the total loss curve. 

The eddy-current loss at a constant frequency of 70 ke 
should vary as the square of the maximum flux density: 


Bue ? 
Pa=Pal : (11) 
Bm 
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FIG. 7—Total core loss of manga- 
nese-zine and nickel-zine ferrites 
as a function of temperature. 





The value of P., at 200 gausses and 70 ke is 0.140 watts 


per lb. Thus: 


500.2 
P.2.=0. us0(- a 
200 


=().876 watts per lb 

This value does not agree with the value of 2.157 watts 
per lb obtained from the total loss curve for B,,—500 
gausses. The difference is explained by the increase in the 
induced voltage caused by the increase in B,,. This in- 
creased voltage produces a higher current which tends 
to reduce the resistivity of the material (Fig. 4). This 
results in an increase in eddy-current loss since eddy- 
current loss varies inversely with resistivity. If the re- 
sistivity remained constant with a given frequency, the 
eddy-current loss would increase directly as the square of 
the maximum flux density (Equation 3). 

Fig. 7 shows curves of tota! unit loss as a function of 
temperature for samples of manganese-zinc and nickel-zinc 
ferrites. It has been shown that the hysteresis loss and the 
resistivity decrease with increasing temperature. However. 
the data in Fig. 7 show that the total loss increases with 
increasing temperature. This indicates that the increase 
in total loss is due to a rapid increase in the eddy-current 
loss of the ferrites. 

As mentioned previously, when ferrites are operated in 
the region of flux density saturation, the permeability of 
the material decreases with increase in temperature. This 
trend appears to be the same for most ferrites. The de- 
crease in maximum permeability causes an increase in 
exciting current which may increase the copper loss of 
any cored inductor. Maximum permeability is not to be 
confused with the initial permeability which for most 
ferrites increases with increasing temperature. 
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Conclusions. The hysteresis loss for manganese-zine 
ferrites can be represented by the Steinmetz law for values 
of maximum flux density from zero to 2000 gausses. Be- 
yond that range, the law does not hold. 

To predict the hysteresis loss, ferrite materials should 
be designed so that the operating flux density is less than 
2000 gausses. Good results have been obtained when the 
operating flux density is between 600 and 1500 gausses, 
depending upon the application. Maximum permeability 
occurs at about 1200 gausses, and to take advantage of this 
characteristic, the operating flux density must be of the 
same order. However, in some applications, it is more 
desirable to take advantage of the low total loss rather 
than utilize the full permeability value. 

Hysteresis loss decreases with increasing temperature. 
Often it is necessary to use an inductor in equipment which 
by its very nature operates at elevated temperatures. By 
use of the curve, Fig. 2, it is possible to predict what 
hysteresis loss can be expected for operating temperatures 
between 25 C and 140 C. Since the winding will not 
withstand a temperature much higher than 100 C, this 
information is sufficient for most designs. 

It has been pointed out that the eddy-current loss in- 
creases with increasing temperature, while resistivity 
decreases with increasing temperature and current density. 
As a result of the increasing eddy-current loss, the total 
losses of the material increase with increasing temper- 
atures. Since it is difficult to predict accurately the exact 
effect of eddy-current loss as a function of resistivity and 
temperature, and since this loss may not be a large portion 
of the total loss, it is more desirable to know the effects 
of temperature on the total losses, Fig. 7. With a known 
operating temperature and the data in Fig. 7. it is possible 
to predict with considerable accuracy the total loss of the 
inductor. 

Many observers have reported that a rapid rise in core 
loss in ferrites is associated with a rapid decline in 
permeability, although the drop in permeability usually 
starts at a somewhat higher frequency than the in- 
crease in core loss. Tests have shown that the initial 
permeability remains substantially constant up to a fre- 
quency of 100 ke. 

No mention has been made of losses due to ferromag- 
netic resonance and other effects found at the higher 
frequencies. It should be pointed out that at the higher 
frequencies, these losses may not be independent of the 
permeability. 

Although the proportions of the various losses are 
shown to be a function of the particular manganese-zinc 
ferrite composition used, tests conducted on other man- 
ganese-zinc and nickel-zine ferrite compositions show that 
the same general trend in losses exists. The losses obtained 
by calculation agree fairly closely with the relative pro- 
portions of the losses found in a typical manganese-zine 
ferrite. OOO 
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~ As Related to Design 


While the concepts of quality 
control have in some measure been 
in use in manufacturing for 

many years, it is only recently 

that the term has become part 

of the working vocabulary of 

design engineers. Increasing 
emphasis is placed on quality control 
in the electrical manufacturing 
field and on the design engineer's 
responsibility for mastering 

its concepts and techniques as 

part of the development-production 
group. This article attempts to 
define quality control in terms 

of the design engineer’ s interests 
and outlines his area of common 
participation with the quality 
control engineer. 


QUALITY CONTROL AS A CONCEPT contains two basic ideas: 

A quality is an attribute or a characteristic. In its 
technical connotation, quality generally refers to a de- 
sired set of characteristics. 

Control is that activity which guides, directs, or re- 
strains other activities with the purpose of achieving a 
product, process, or service with the specified characteris- 
tics, or quality. 

It is basic that the effectiveness of control is a function 
of the time of its application, since it is more economical 
to avoid producing parts with undesired characteristics 
than to sort the good from the bad. Therefore, quality 
control is primarily the operation of a system for obtain- 
ing desired characteristics and to include in that system 
observation stations to assure that the system does not 
stray from its intended purpose. 


*Since writing this article. Mr. Morgan has become a management consultant 


with Back & Gould, New York. 
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This concept provides a logical basis for inquiry into 
the quality needs of a product, process, or service, as 
follows: (a) Analyze the requirements, (b) set standards, 
(c) analyze the factors required to accomplish these 
standards, (d) set limits for each factor and (e) set up 
controls to maintain these limits. 

In order to know that a proposed system can produce 
the desired quality, some method to measure its capability 
must be devised. Generally, a trial run or a sampling is 
advisable. To learn how large a sample is necessary or 
whether or not the results of the sampling are significant 
and reliable, normal curve statistics are used. Once satis- 
fied that the system of machines, tools, men and materials 
are capable of generating the desired characteristics, 
check points must be established to assure that undesire- 
able factors do not affect the system to change the initial 
conditions and then possibly deliver undesired characteris- 
tics. If initial conditions for producing the desired charac- 
teristics are known and used, final inspection may not be 
required, and proof of the system’s stability may be used 
as evidence of desired quality. 

By adhering to this procedure great benefits can be 
realized. They include: 

1. A better understanding of the requirements of the 
product, process, or service such that: (a) Safety factor 
may be kept to a minimum; (b) less extensive design 
testing may be used; (c) specifications may be broadened 
to allow for a wider choice of methods, machines, materi- 
als. and skills: (d) machine down time may be lessened 
by using the broader tolerances which generally permit 
greater tool wear between sharpenings and fewer adjust- 
ments: and (e) inspection costs are reduced by being able 
to choose machines, men, materials, and tools known to be 
capable of producing the desired characteristics, and by 
the use of such techniques as control charts showing that 
the system is remaining stable. 

2. Fewer deviations from product, process or service 
requirements which result in: (a) Less engineering time 
for corrective action; (b) less production time lost in 
waiting for reject dispositions; (c) fewer interruptions in 
production; (d) fewer missed shipping schedules; (e) 
less scrap, remake, and repair; (f) fewer customer com- 
plaints and resulting returns; (g) less material handling 
and, because there are fewer repairs and remakes, less 
work in process. 

The many activities involved in quality control make 
it impossible to limit the responsibility for its execution 


113 








to any one person or department. Quality control is every- 
body’s business. 

The expansion of industry and the introduction of 
scientific management methods have progressively shifted 
the responsibility for quality from the foreman to the in- 
spector and to a group of specialists. At present, qual- 
ity control responsibilities are distributed among the 
following departments whose specialized skills make them 
the logical candidates to assume the various control bur- 
dens as they arise in the development-production pro- 
gression. (/)* 

1. Engineering—Originate product designs, write spe- 
cifications. establish performance guarantees, select ma- 
terials, and establish tolerances and quality standards. 

2. Purchasing—Choose vendors and set up quality de- 
mands on them. 

3. Production—Educate operators, maintain manufac- 
turing facilities, interpret drawings and specifications, 
and exercise control over manufacturing process. 

4. Factory workers—Exercise skill and care in work- 
manship. 

5. Laboratory—Specify quality standards for materials 
and processes, judge quality of purchased or processed 
critical materials, and recommend special processing 
techniques. 

6. Planning and Methods—Select machining and proc- 


*Italic numerals in parentheses refer to Cited References at end of article. 
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essing. equipment, order design of appropriate jigs and 
fixtures, analyze problems of producing desired qualities, 
select methods, develop working facilities and provide 
satisfactory working conditions. 

7. Inspection and Testing—Judge quality of incoming 
parts and materials, evaluate conformance to specifications 
of all manufactured parts and assemblies. 

8. Packaging and Shipping—Examine the adequacy of 
containers for shipment and storage. 

9. Marketing and Sales—Select general characteristics 
which the product must embody, present quality data to 
prospects and customers, and evaluate customer’s quality 
requirements. 

To oversee these activities and report on their effective- 
ness, it is desirable to establish a separate Quality Control 
group. Such a group would provide the following: 

A. Operating engineering service to the inspection de- 
partment. 

B. Quality 


department. 


engineering information to the design 
C. Inspection service to the design department. 


D. Information to management on quality and its costs. 


Ek. A liaison service between vendor and design, pur- 
chasing or manufacturing departments. Often the Quality 
Control group acts on the behalf of the production and 
design departments. 

F. Service to purchasing department on the ability of 
vendor to produce quality level. 
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G. Information to sales department on customer ac- 
ceptance. 

Most of all, quality control is a day-to-day activity in- 
volving everyone responsible for the development, manu- 
facture, and marketing of a product. While the group re- 
sponsible for turning out a product may not always con- 
tain an individual clearly labeled “Quality Control En- 
gineer,” his function in any modern plant must be as- 
sumed by one or more members of the group that includes, 
market analysts, designers, production men, chief inspec- 
tors, master mechanics, and control engineers. 

A review of the sequence of steps in the development 
of a new product shows how quality control techniques 
are applied to problems in a typical manufacturing organi- 
zation. The various steps are discussed here: 

1. Market Research. Products are developed only ir 
response to anticipated demand. The first question to be 
answered is: Is there a need, actual or potential? If so, 
what general characteristics should the product embody? 
Usually, the answers to these questions come from field 
experience, executive intuitions, or customer demand. 


However, more and more frequently the starting point 
is market research, that is, a study of the potential buyer, 
utilizing statistical techniques, many of which were 
originally developed as quality control tools. (2) For 
example, sampling techniques now standard in quality 
control are used in selecting an appropiate sample of the 
population that will produce meaningful data and in 
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evaluating the data for reliability and significance. 

2. Preparation of Performance Specifications. At best, 
the previous step has yielded only a generalization. The 
best possible market research job stops far short of a de- 
tailed design for production. It is the function of this step 
to crystallize the thinking of the previous step into a set 
of formulized specifications, quantitatively expressed. (3) 

This step is crucial because all future steps depend upon 
its thoroughness and correctness of approach. Performance 
specifications are communications, which means that they 
must be uriformly understood, with no possibility for 
misinterpretation. Specifications must be realistic in terms 
of the qualities of the materials and the capability of 
methods and tools to produce a result measurable against 
recognized standards by available instrumentation. Maxi- 
mum clarity of expression is essential; all limiting and 
identifying details must be spelled out. 

Quality Control is the watchdog of this step. It’s a check 
on vocabulary and a guardian of realism. Not only must 
qualities be expressed measurable quantities, but the nec- 
essary test equipment and trained personnel must be avail- 
able. This consideration is especially important with re- 
spect to parts or components procured from outside sup- 
pliers, whose manufacturing and testing facilities must be 
evaluated in relationship to the specifications. 

3. Preliminary Design. Before the first sketch is com- 
pleted, Quality Control plays an important role as a source 
of relevent facts. Historian, evaluator, and informational 
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source, Quality Control records a wealth of material on 
old designs and production that may have a direct bearing 
on new designs. Reject rates and capability limits of proc- 
esses, materials, and tools, field experience, anything that 
has been learned in the past and reduced to quantitative 
data can guide present design. Quality Control’s informa- 
tion function is a constant reminder of problems en- 
countered in the past and their solution. 

4. Making First Samples. The quantity of design types 
explored depends to some extent on expediency, hunch, 
available time and facilities, and the number of practical 
ideas generated. The quantity of samples of each type to 
make is critical. The correct quantity must be determined 
in order that the design will prove out to any desired 
level of confidence. (4) 

These are questions Quality Control answers by a series 
of mathematical manipulations known as the “Chi 2” test. 
the “F” test, the “T” test, analysis of variants, or a signi- 
ficant mean difference test. The result is a statistically 
validated smallest sample quantity consistent with the re- 
quired level of confidence. 

5. Testing First Samples. Samples are tested in terms 
of specifications established in the earlier stages of qual- 
ity-controlled development. Where necessary to supplement 
routine testing, always with reference to quantitative 
standards, experiments are designed to yield comparative 
data. Recently developed techniques of “design of ex- 
periments,” provide an economical method of treating 
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simultaneously variables, whose individual and 
related effects can be statistically evaluated. (5) 

By these means, Quality Control helps to answer the 
questions: Are we getting the product we want? Will any 
alternates be acceptable? Which alternate is the most eco- 
nomical (cost with relation to market) ? 

6. Re-Design. Based on the information disclosed by 
the previous testing, the product is re-designed to incor- 
porate the desirable features developed earlier and to 
eliminate any design defect that testing may have revealed. 

7. Making Final Samples. The final sample is a pro- 
totype for actual production. Its purpose is to set up 
performance characteristics and realistic tolerance. All 
quantitative specifications developed earlier must be em- 
bodied in the final sample. The quality of final samples 
necessary to make testing conclusive is determined by 
quality control methods. 

8. Testing Final Samples. Functional testing of the 
prototypes provides the basis for performance tolerances 
that can be plotted as a band curve and used in final in- 
spection stages as standards of acceptance for the finished 
product. (6) 

9. Write Inspection and Test Procedures. The preceding 
steps have provided sufficient data to make it possible to 
write test and inspection procedures, which will assure 
that the final product meets quantitative specifications 
developed earlier. 

10. Write Material Specifications. Specifications must 
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be expressed in universally understood, measurable terms. 
Quality Control determines the availability of test equip- 
ment that is adequate to check incoming material against 
the specifications. If inspection is to be carried out by 
the supplier, he must provide valid certification of the 
quality of the material. Procedures for quality control 
must be made clear to the supplier. He must be prepared 
for a quality audit to be made by the manufacturer. 
Quality Control sets up the supplier’s inspection pro- 
cedures and sampling plan and checks the supplier’s in- 
spection facilities. 

11. Obtain Costs, Qualify Sub-Contractors, Plan Pro- 
duction and Inspection, Prepare Operation Sheets. \n this 
stage, a prime function of Quality Control is the qualifi- 
cation of sub-contractors. That includes any supplier of 
certain materials, parts, components, or manufacturing 
operations that go into the finished product. 

The vendor must be made fully aware of the quality 
requirements of the job. It is absolutely necessary that 
the vendor and the purchaser have identical standards of 
manufacture and inspection and that they speak a com- 
mon language on the subject of quality. 

Quality Control is also responsible for bringing the 
vendor’s inspection procedures in line with the purchaser’s. 
Does the vendor understand sampling procedures? Is he 
fully aware of the significance of the Acceptable Quality 
Level (AQL)? That, if the purchaser’s sampling inspec- 
tion uncovers too high a rate of rejects, the entire lot 
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will be returned, not only the defective units. If necessary, 
Quality Control will have to teach inspection procedures 
to the vendor. 

Quality Control has other important responsibilities at 
this point. The AQL must be set up on a sound economic 
basis on all materials and parts. Gages must be provided 
for measurements. Reference points for manufacturing 
and inspection must be identical. Separate inspection 
drawings must be provided at various stages of manu- 
facture whenever necessary. Vendors must submit their 
own drawings for checking as a reference for the pur- 
chaser’s inspection operation. The accompanying check 
list for vendor and purchaser quality control relationships 
is a useful guide to follow. 

12. Order Material, Production and Inspection Tooling. 


The historical function of quality control plays an im- 


portant part in setting up production. A record of machine 
capabilities and reject rates makes it possible to predict 
producible quality and modifications of equipment to 
eliminate production difficulties in advance. For instance, 
if the machine’s normal variability with a given holding 
device is greater than the allowable spread in tolerance, 
it may be necessary to rigidize the machine or recommend 
different holding devices. Based on the recommendations 
of Quality Control, it is the responsibility of the produc- 
tion people to reduce that variability to hold the _ per- 
centage of defectives of each part to a predictable mini- 
mum. 













Quality Control is involved in providing the required 
inspection tooling properly calibrated to the scales 
used in the original parts specifications. Quality Control 
also makes provisions for copies of all specifications for 
materials and parts to be in the possession of the Inspec- 
tion Department. 

13. Write Application, Installation, Operation, Service 
Manuals, Replacements Parts Catalogs; Initiate Publicity 
and Advertising. As historian of customer failure ex- 
perience to understand installation or operation instruc- 
tions, Quality Control should be consulted in setting up 
the requirements for instructional literature, helping to 
answer questions about the type of information to be 
included in any manuals or printed instructions, and how 
it should be presented to prevent errors or misinterpre- 
tation. In addition, Quality Control and Inspection test the 
comprehensibility of instructions prior to release. 

14. Make Pilot Production Run. Quality Control must 
determine statistically the smallest size of the pilot run 
necessary to yield significant data to be used is testing 
and inspection. 

15. Test Pilot Production Run. This is the last oppor- 
tunity to catch any errors in design or production tech- 
niques before full scale production. Positive answers must 
be found to a list of questions. Is the product conforming 
to the prototype? Are the machines performing as pre- 
dicted? Have any variables been introduced? Is the In- 
spection Department provided with the proper inspection 
tools and drawings? 

This is the point at which Quality Control sets up 
statistical control charts for use throughout the production 
life of the product. (7) 

16. Make Minor Changes to Correct Errors. At this 
point, if the previously described procedures have been 
followed, there should be no major errors to correct. Any 
changes should be minor. Drawings and inspection tooling 
should be modified accordingly. 

17. Full-Scale Production. All should now be in readi- 
ness for full production with the assurance that standards 
and procedures have been set up that will maintain the 
desired quality level throughout the production run. 

It should be clear that Quality Control is often a co- 
ordinating influence in a company. However, the effective 
utilization of its techniques is often impaired by  mis- 
application. As outlined in this article, Quality Control 
is basically a way of thinking and its techniques are 
actually a mathematical discipline. OOO 
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Check List For 
Vendor-Customer Quality Relationship 


1. Is vendor familiar with end use requirements 
of products in your market so that he may 
appreciate quality standards you give him? 

2. Have you surveyed his plant to see what quality 
level his men and machines are used to keeping 
to learn what technical and quality education 
he needs from you to assure minimum inspec- 
tion and low reject rate? 

3. He is an expert in his production process. Have 
you taken advantage of his knowledge as an 
expert in the design of your product to keep 
its cost as low as possible? 

4. During your final discussions have you once 
again asked the vendor what changes in the 
tolerance or other characteristics would signifi- 
cantly lower its production cost? 

5. In addition to a drawing, have you presented 
the vendor with a rating of the characteristics 
and attributes of the product so that he may 
most economically use his equipment and in- 
spection facilities? The ratings of defects fol- 
low: 

(a). Critical Defect: Affects safety, possibly 
causing death or severe injury, causes com- 
plete functional failure, makes part im- 
possible to assemble, necessitates expensive 
repair. 

(b). Major Defect. Affects safety but is not 
likely to cause death or severe injury, 
lowers efficiency of completed unit, causes 
difficulty in assembly, necessitates repair. 

(c). Minor Defect A: No safety, functional, or 
assembly difficulties result, but appearance 
obviously leaves something to be desired. 

(d). Minor Defect B: No safety, functional, or 
assembly difficulties result, and from the 
appearance. Probably no one would spot 
the error. 

6. In your contract or during negotiation have 
you informed vendor of acceptable quality lev- 
els, inspection and gaging procedures, certifi- 
cation requirements, need for source inspec- 
tion? Will vendor and customer inspection be 
uniform? 

7. Have you informed him, if you are using a 
sampling plan, that failure to meet such plan 
will cause return of entire shipment and not 
merely return of defective units? 

8. Have you carefully explained your “first piece” 
approval policy? Make sure he knows how to 
properly identify “first piece samples.” Tell 
him to whom to send samples so that they do 
not go through routine incoming inspection 
and perhaps into stock with subsequent delays 
to you and him. 

9. Have you set up and explained your method of 
reject notification so that he may be prepared 
to take prompt corrective action in the event 
of a rejection? 

10. Does he know your company internal Purchas- 

ing-Engineering-Quality Control relationship so 

that he may obtain prompt technical assistance ? 
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European Developments in 
the Dielectrics Field 


Acetate paper, epoxy-cast instrument transformers, epoxy micapaper, 
polyurethane-enameled magnet wire, and foam-type polystyrene 


are among materials and applications discussed. 


electrical equipment on different continents are so close 
that a dielectric material found successful on one side of 
the Atlantic will before long appear on the other side. This 
means that there are hardly any European dielectrics that 
are not known in the United States and vice versa. 


GERARD DE SENARCLENS An observer of methods used on the two continents will, 
Vice President and Chief Chemist of course, note some differences, because the problems to 
ee ee mh be met are not as a rule exactly the same. The materials 
employed, on the other hand, are very much alike. 
In the following discussion, we will glance over some 

of the insulating materials that have lately found appli- 

IT Is NO EASY MATTER TODAY to speak of European de- cations of major scope in Europe. 

velopments in insulating materials. Ties between makers of Cellulose Acetate Paper. As we know, the paper 
' 
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used in electrical industry consists almost entirely of pure 
cellulose, the fibrous structure of which is preserved down 
to its finest elements, the micelles. It consequently has a 
large surface area, favoring absorption of moisture. The 
presence of three free hydroxyl groups in the cellulose 


Their adoption often involves a time lag, because there molecule likewise has a profound influence on the dielec- 
is reluctance to depart from a construction that has not tric properties of the paper. 
been giving trouble, unless substantial technical or com- Many theories have been advanced to account for the 
mercial advantages are forthcoming. Does this mean absorption of energy (dielectric losses) in cellulose, phe- 
that we need trouble with insulation to promote develop- nolics and thermoplastics. That of H. Stager and his as- 


ment and progress? Very possibly. sociates (Zurich) is perhaps the most plausible. It suggests 
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Editor's Note 


: ES Dr. G. de Senarclens is one of the leading European authorities in electrical 
insulation and dielectrics. He is well known in this country, too, particularly 
because of his important contributions to the work of the International Electrotechnical 
Commission. (See “International Viewpoints on Classification of Insulation,” ELEc- 
TRICAL MANUFACTURING, January 1954, p. 95; and “International Standards for Insu- 
lation, Motors, Components,” ELECTRICAL MANUFACTURING, November 1954, p. 126.) 
As Dr. de Senarclens points out, successfully developed insulating and dielectric 
materials find ready acceptance on both sides of the Atlantic. Moreover, research and 
development often follow parallel lines. Materials-wise, therefore, most of the develop- 
: ments reported here are not necessarily of unique European origin. 
But there are significant differences between European practices and ours. These are 
mainly in research aims and in basic approaches to the use of materials. For one thing, 
Europeans do not tend to slow down continuing research on conventional materials 
ity | (such as paper) because newer materials are on the market. Yet on the other hand, 


er, 


they may lead us in fundamental research on new materials, as in the epoxy and 
polyurethane resins. And again, they tend to work their materials harder, get more out 
of them, both from the standpoint of performance characteristics and diversity of 
applications. 
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that the dielectric properties of an insulator depend pri- 
marily on the mobility of polar hydroxyl groups, and 
secondarily on the mobility of macromolecular constit- 
uents. 

In an a-c field, the hydrogen atom of the hydroxyl 
group may undergo certain vibrations or rotations which 
absorb energy. These can be much attenuated by 
esterification or etherization of the cellulose. When 
cellulose paper or cellucotton is esterified, one, two, or 
three hydroxyl groups are fixed by acetic acid. 

Esterification is carried out in a bath of 15 per cent 
acetic anhydride, 5 per cent zinc chloride and 80 per cent 
concentrated acetic acid. Acetic acid content corresponds 
to degree of esterification. The figure for cellulose mono- 
acetate is 29 per cent. 

The firm of Sandoz S. A. (Basle) has recently placed 
in operation a process for successful acetylation of paper 
up to a width of 1300 cm. This product is named “Tsocel.” 
Like a predecessor developed by Sandoz in 1926, a mono- 
acetylated cotton described as a “passivated cotton,” and 
trademarked “Cotopa,” the new product, Isocel, is charac- 
terized by a very low absorption of moisture, ensuring 
constancy of its dielectric properties. 

X-ray examination of the paper before and after acety- 
lation. both wet and dry, reveals the same pattern, 
indicating that water does not penetrate into the interior 
of the crystals, but only into the interstices. Esterification 
alters the shape of these passages. 

It would be beyond the scope of this discussion to 
enumerate all the properties of Isocel. By comparison with 
those of un-acetylated paper, they may be summarized as 
follows: 


Mechanical Properties: 


Tearing Strength 
Ultimate elongation 


80-90% 
same 
Creasing strength less 


Physical Properties: 
Density 
Porosity 


same or less 
greater 
much less 
much faster 
much less 
much greater 
much less 


Absorption of moisture 
Drying speed 

Swelling in water 

Wet strength 
Absorption of water 
Absorption of oil 


more 
Coefficient of expansion smaller 
Heat conductivity same 


Electrical Properties: Dielectric losses are less, and 
more constant, when measured as a function of humidity. 
The same comparison holds when the losses are measured 
as functions of frequency or of temperature. Under the 
same three conditions, dielectric constant is generally 
smaller, and more constant. Dielectric strength is about 
the same or less. Surge impedance, in dry state, is less. In 
wet state, it is more. 

Comparing the dielectric properties of Isocel with those 
of paper. we find that except for somewhat lower surge 
impedance, the former are considerably better. We might, 
therefore, be tempted to specify Isocel in all fields where 
paper has been in use. 

However, esterification of cellulose is a costly operation. 
and the cost of Isocel is well above that of comparable 


AUGUST 1955 





standard paper. It is, therefore, necessary to be selective, 
and use it only where it actually contributes a substantial 
improvement. 

Isocel has so far found important applications in the 
following fields in Europe: 

a. Insulation of uhf telecommunications cable. 

b. Wrapping of wire and light cable. 

c. Capacitor dielectric. 

d. Base material for laminates of all kinds. 

e. Coated tape. 

f. Mica-foil support. 

g. Filler for molded phenolic parts. 

The research agencies of the Swiss Postal, Telephone 
and Telegraph System, which have conducted exhaustive 
tests, have arrived at the following conclusions: It is not 
advantageous to use acetylated paper for ordinary low- 
frequency cables. For frequencies from 12 to 108 kc, the 
advantages balance the disadvantages. For frequencies 
from 175 to 307 ke, acetylated paper offers very con- 
siderable advantages. 

Results obtained in making laminated phenolics are 
of interest. Comparative tests have been made to determine 
insulating capacity as a function of duration of immersion 
in water and amount of water absorbed. Test data (see 
Figs. 1 and 2) clearly established that Isocel may be ex- 
pected to find an important field of application in plastics 
laminates. 


Ethoxylene (Epoxy) Resins. These are resins pro- 
duced by condensation of epichlorohydrin and diphenoxy- 
propane, and have found numerous applications in recent 
years. 

Technologically speaking, then, ethoxylene resins for 
casting are thermosetting synthetic resins hardening by 
polymerization without loss of volatile products upon ad- 
dition of an active substance, for example phthalic anhy- 
dride. 

Introduced by Ciba A. G. in Switzerland, the Araldite 
epoxy resins may be mentioned as a European develop- 
ment. Since then, the epoxies have been also developed in 
the United States, as by Shell Chemical and Bakelite. Ciba. 
by now, of course makes the resins in the United States. 
Literature on properties covering various types of epoxies 
as casting resins, insulating varnishes and for other pur- 
poses, is by this date fairly abundant.* 

Applications in Europe have been, in some respects. 
more ambitious than those in the United States (see Figs. 3 
and 4). A most interesting application has been that of 
casting instrument transformers. The processing methods 
involve rather complex resin compounds, with problems 
that had not arisen in the casting of simple homogeneous 
resins. The shrinkage of the resin during the hardening 
process may set up mechanical stresses which cause cracks. 
and heat expansion in service imposes mechanical stresses 
in the cooler resin. The linear coefficient of heat expansion 
of the resin is about twice that of copper. 

Intensified technical requirements in the performance 
characteristics of instrument transformers during recent 
years had to be taken into account in the design of the 
equipment. Many transformers insulated with synthetic 
resin for voltages up to 60 kv have been placed in service. 
These are single units, that is not cascaded. 

The second step, beginning early in 1950. was an 
attempt to build instrument transformers for voltages up 


* See references at the end of article. 
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to 220 kv. A solution to this problem is very desirable 
because of the hazard of explosion of oil transformers and 
the present trend towards installation of underground 
transformer stations. 

Early in 1951, a 150-kv transformer prototype was 
built, insulated with synthetic resin and cascaded. It has 
since been possible to reduce its size, and, with the aid 
of a new insulator jacket design, to avoid air spaces inside 
the transformer. One manufacturer who generally uses 
ethoxylene resins poor in mineral filler has so far retained 
porcelain insulator jackets. Another, however, has sub- 
stituted resin with high mineral-filler content. 

At the 1952 Basle exposition, the Maschinenfabrik 
Oerlikon exhibited prototypes of 400-kv current trans- 
formers and a 200-kv voltage transformer with open 
magnetic circuit of extremely small size for outdoor in- 
stallation. 

It will probably become possible to build single-stage 
voltage transformers for the highest tensions. However, 
developmental work is still in a preliminary stage, and no 
details can be made public at this time. 

Voltage is limited primarily by considerations of econ- 
omy and by plant requirements for manufacture, and not 
by problems of technique. 

Many opportunities for application of the process of 
casting synthetic resin are encountered in the making of 
capacitors. The construction of such elements, with their 
small size and negligible heat effects, generally involves 
less difficulty than the manufacture of transformers. 

These resins have also been the basis of useful types of 
hermetically sealed dischargers for lightning arresters. 

One field of application that is beginning to expand 
is that of line insulators. The value of porcelain is, of 
course, established. However, it has some significant dis- 
advantages, particularly the difficulty of obtaining inex- 
pensive insulators to exact dimensions and that of attach- 
ing metal fittings. 

These difficulties are absent in the case of cast epoxy 
insulators. Dimensions of parts do not vary by more than 
0.1-0.2 per cent (porcelain is approximately 5 per cent). 
and adherence to metal fittings is high. Mechanical 
properties, especially impact strength, are well above those 
of porcelain. Sizes of resin insulators are therefore much 
reduced, with resulting space economy. 

The progress of cast resins techniques in the course 
of recent years has been most promising. Experience in 
Europe indicates that these materials will have a profound 
influence on the design of electrical equipment and will be 
of great help in the development of oil-free electric installa- 
tions. 

Polyurethane Wire Enamel. Efforts are continually 
being made towards progressive improvement in the 
quality of varnishes for making enameled wire, and the 
progress made in the course of the last twenty years has 
been great. Thus we have witnessed the appearance of 
wire coated with polyvinyl formal, polyamides, silicones, 
ethoxylene resins, etc., and more recently with modified 
terephthalic resins. 

In Europe, especially in Germany, attention has been 
concentrated upon the polyurethanes, which have yielded 
valuable coated wires. A leading feature is that the wire is 
strippable in a tin bath at 350 C. This wire has accordingly 
become standard wherever stripping was an important 
feature. 

Polyurethane resins are prepared from a basic reaction 
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of an isocycanate resin with alcohol. If a diisocyanate is 
allowed to react with a dialcohol, the result is a linear 
polyurethane of little value for the manufacture of varnish, 
But if a diisocyanate is combined with a trialcohol, or a 
triisocyanate with a dialcohol, the result is a very useful 
three-dimensional polyurethane. 

In making varnishes for coated wire, we generally use, 
not an ordinary alcohol but a polyester rich in hydroxy] 
groups. This is allowed to react with a di- or triisocyanate, 
Bayer (Leverkusen), who have developed these products, 
have given the name Desmodur to the isocyanates and 
the name Desmophen to the polyesters. 

Alternatively, the polyesters may be replaced in part 
by other substances containing hydroxyl groups, such as 
alkyd resins, oxidized oils, phenolic resins, and even 
cellulose esters and ethers. 

The isocyanates react rapidly with alcohols at ordinary 
temperature, so that the stability of the varnishes is im- 
paired. For making coated wire, therefore, a Desmodur 
is used whose isocyanate groups are “blocked,” and will 
not react with polyesters except at temperatures above 
100 C. This is the stable Desmodur AP. The polyester 
used is obtained by reaction of a dicarboxylic acid and 
a trialcohol. 

Coated wires insulated with polyurethanes found imme- 
diate acceptance, and it has occasionally been felt in 
Europe that they would replace all coated wires previ- 
ously used. We are not of this opinion, and believe their 
use should be confined to certain applications, especially 
wherever stripping in a tin-lead bath is desired. We do 
not consider that abrasion resistance is enough to war- 
rant universal use in coil winding. ‘Table | gives the 
properties of wire insulated with polyurethanes in com- 
parison with some other coated wires. 

Polyurethanes have been combined with certain poly- 
amides. The result has been an improvement in the 
mechanical properties of the coating, especially in abra- 
sion resistance, but probably an impairment of thermal 
resistance. 

Research in the field of polyurethanes is just beginning, 
and early progress may be expected. 





Fig. 4—Centrifugal-casting techniques are adapted to cast-resin 
parts by means of this machine developed by Moser-Glaser. 
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Spiral Multicolored PVC Wire. The several leads 
in telephony cables must be identifiable regardless of the 
position of the wire in the cable. The pattern must there- 
fore be the same all over the surface; that is, any varie- 
gated design must be helical. This problem had not yet 
been solved in the case of plastics insulation, because even 
if two or three colors can be extruded simultaneously to 
produce a variegated lengthwise pattern, the strands of 
colored thermoplastic material have not been successfully 
wound around the conductor in a helix. 

At the instance of the Swiss Postal, Telephone and Tele- 
graph System, who perceived the potentialities of wire 
insulated with polyvinyl chloride for their purposes, two 
Swiss manufacturers have arrived at successful solutions. 
Wire with variegated PVC insulation is now standard, and 
has replaced all alternatives. 

Datwyler, A. G. (Altdorf) uses a conventional three- 
press extrusion sheathing machine for making a length- 
wise pattern, while causing the wire to revolve so that the 
pattern is twisted. A special arrangement makes it pos- 
sible for the feeding and receiving drums to revolve 
with the wire. 

The Swiss Insulating Works has built a machine of 
completely novel design. It has a wheel with turret and 
central passage for the wire to be coated. The wheel is 
bored to receive screw conveyors driven by gearing and 
propelling a supply of colored plastic into the turret, 
which revolves together with the wheel. As shown in 
cross-sections in Fig. 5, communicating passages and 
openings at the circumference of the wheel are provided 
to pick up the various colored materials as the wheel re- 
volves and to direct each of them to the proper lengthwise 
passage. The result is an insulated lead with insulation 
composed of strands of varicolored thermoplastic wound 
in a helix. 

The composition of the plastic is a critical factor. The 
following requirements must be met: 

a. Flexibility to about 0 C; 

b. Low dielectric constant and very high specific insu- 

lating capacity ; 
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c. Very slight yielding on exposure to elevated tem- 
perature; 

d. Lightfast and heatfast colors: 

e. No running of colors. 

The PVC compounds used in telephone wires meets all 
these requirements. They are comparatively hard, con- 
taining less than 20 per cent plasticizer. They unquestion- 
ably represent a great advance over insulation previously 
used, which we are convinced they will rapidly replace. 

Epoxy-Resin Impregnated Mica Foil. This is a 
recent development in Europe.* Applications have been 
investigated primarily for bar insulation in rotating 
electrical machines. Three methods are generally used 
for such insulation: 

1. Sheathing of straight portions with mica foil, and 

mica taping on curves (“discontinuous” method). 

2. Asphalt-mica taping throughout length of bar, and 
several intermediate impregnations with asphalt 
compound in_ special autoclaves (continuous 
method). 

3. Polyester-mica taping, and final impregnation with 
thermosetting polyester (continuous Thermalastic 
method). 

There have been heated debates in recent years con- 
cerning the advantages and disadvantages of these three 
methods. It now seems established that the difficulties 
occasionally encountered in the past—and there will 
always be difficulties—have not been due to failure of a 
given method as such, but to its faulty application. 

The discontinuous method, with mica foil sheathing, is 
by far the commonest in Europe for machines of small or 
medium size. In large machines, however, some makers 
prefer the discontinuous method of asphalt- or polyester- 
mica taping, inasmuch as sheathing over 4 meters is a 
delicate and troublesome operation. 


For an understanding of recent improvements in mica 
foil sheathing, it will be necessary to briefly review the 
advantages and disadvantages of the three methods of 
insulation. 





* Currently also made available in the U. S.—Editor 

























































































































































































The mica foil insulation has excellent mechanical and 
electrical properties. It is of high compressive strength, 
can be installed without clearance in notches, and costs 
comparatively little. It thus has definte advantages in low- 
voltage machines, where a comparatively thin insulating 
layer such as can be executed in micafoil will suffice. 
The mica is not much subject to “creeping” (migration), 
which gives a good deal of trouble. 

It is often objected that it is difficult to make a flexible 
joint between mica foil sheath and the taping on curves. 
with resulting need to lengthen the straight portion of the 
bar, tendency to swelling in vents, as well as difficulty of 
satisfactory sheathing of long bars. 

These problems certainly exist, but the difficulties have 
now definitely been overcome. Sealing involves no special 
difficulty, and swelling can be avoided by proper con- 
struction. The allowance of the sheath beyond the sheet- 
metal corresponds to that required on cooling for alter- 
nators up to 6 kv. For higher voltages, from 10 to 15 kv. 
an allowance of 10-15 cm is sufficient. 

The advantage of continuous asphalt-mica taping. com- 
bined with several impregnations with asphalt compound. 
consists in far better moisture resistance, while more 
readily assuring absence of air in the insulation. More- 
over the length of the bar makes no difference except that 
the risk of creep by the mica splittings increases with 
the length. 

There is as yet a lack of practical experience with large 
machines insulated with polyester-mica taping. but it is 
not too early to say that advantages along mechanical 
lines are most encouraging. Tensile strength in hot condi- 
tion is thirty times better than that of asphalt taping: 
elasticity is considerably higher: and heat expansion 
smaller. Creep or splitting appears to be absent at the 
usual machine operating temperature. 

It is now known that occurrence of breakdown in bar 
insulation is most often due to the phenomenon of mica 
creeping or detachment of layers, with resulting inclusion 
of air or gas. As soon as the voltage reaches a critical 
value, depending on the thickness of the insulation, the 
entrapped air ionizes. Local losses increase suddenly, and 
with them the temperature. leading finally to a breakdown. 

Presence of air between layers may be due to defects 
in the material or workmanship or in the type of binder 
used to fix the mica on the support. Asphalt and shellac, 
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Fig. 5—Cross sections showing details of extrusion machine for producing varicolored helical 
wire insulation developed by the Swiss Insulating Works. (Drawing from U.S. Patent 2,674,007) 
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commonly used, are thermoplastic substances. They are 
without binding effect in hot condition, and therefore, 
allow the sheath to swell wherever it is not restricted, that 
is at the vents and lead-out. 

Recognizing the disadvantages of thermoplastic binders, 
research work has been directed towards thermosetting 
materials. In the United States, where continuous insu- 
lation is general, polyester resins have been introduced 
both in the manufacture of mica tape and in impregna- 
tion, by adapting them to the special case of insulation for 
large electrical machines. 

In Europe, where mica foil sheathing is preferred, at 
least for small or medium machines, recourse has been 
taken to a mica sheet made with mica paper impregnated 
with a flexible thermosetting resin. The latter must meet 
the following requirements: 

a. Ease of application of binder to paper; 

b. A non-adhesive surface, so that the micafoil can be 
shipped in rolls: 

c. Stability for several months at ordinary temperature; 

d. Sheathing by Haefely process, without substantial 

change in method of manufacture: 

e. No evolution of volatile matter, either during setting 

or during machine operation: 

f. Insensitivity to corona effects; 

g. Insensitivity to alternating mechanical loads (such 

as vibration and shock) ; 

h. Elastic behavior up to highest temperatures of cop: 

per in stator winding (120 to 160 C): 

i. Favorable dielectric properties. 

The ethoxylene resins yielded the desired result. Ma- 
chines were recently insulated by the Maschinenfabrik 
Oerlikon (MFO) with Samicafoil made by the Swiss In- 
sulating Works Ltd., a mica paper impregnated with an 
elastic thermosetting ethoxylene resin. Results are highly 
promising. The new sheaths are free from swelling or 
expansion at the vents. The thickness of the sheath 
remains constant, whereas shellac- or asphalt-mica foil 
sheaths swell nearly 10 per cent. During early tem- 
perature cycling, a slight elongation of sheaths is observa- 
ble. but after four or five cycles the dimensions of the 
sheath remain fixed, and there is no further variation in 
length even at an elevated temperature of 140 C. The 
new insulation withstands the forces of expansion of 
copper. Dielectrically, insulation made from mica paper 
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with epoxy resin impregnation appears to be at least 
equivalent to conventional asphalt-mica foil. 

It might be noted here that mica paper is one of the 
most notable recent European developments in the dielec- 
tric field, and the material has gained acceptance rapidly. 
Mica paper insulation, however, is now also being manu- 
factured in the United States, such as Mica Insulator 
Company’s Isomica products, and General Electric’s Mica 
Mat. A number of comprehensive articles on the properties 
and applications have been published. 

Expanded Type Polystyrene. Developed by the 
Badische Anilin und Soda-Fabrik and designated Sty- 
ropor, this material comes in two forms, granular and 
blocks. A propellant or expansion agent is already fixed 
in the compound. The user converts the material into an 
expanded structure by heating with hot water, steam, or 
in an oven. 

The grade described as Block Styropor swells rapidly 
under heat, the density decreasing by a factor of 20 to 
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25; or even 40 to 50. The bubbles are 0.10 to 0.25 mm 
in diam. Water absorption is slight and only superficial. 
Upon immersion in water, the polystyrene foam gains 
about 0.5 per cent in weight. 
given in Table II. 

Block Styropor can be cut into strips. These, in a 
thickness of 0.6 to 1.5 mm, have a tearing strength of 
3 to 12 kg/sq cm, and an elongation of 10 per cent. The 
air content considerably reduces the dielectric constant, 
which is 1.04. Use of such strips for insulating telephone 
cables is already in the trial stage. 

Granular Styropor is handled essentially in the same 
way as Block Styropor. The granular material is placed 
in a mold of smaller volume than that of the mass in its 
final state. The perforated mold is heated, usually by 
introducing direct steam, since the compound has a very 
low heat conductivity. The surfaces of the granules soften 
sufficiently to ensure welding in the mold as the mass 
gains in volume. It is perferable to mold granules after 
quick preheating to 95 C so that their volume will already 
have been considerably increased. 

Molded objects thus obtained can be pressed in hot 
molds for final forming, while at the same time fusing the 
surface. Mechanical properties depend on specific weight. 
At lowest density, they are as already stated. 

The main application of granular Styropor at the 
present time is the making of floats and of thermal insu- 
lations of all kinds, but research is in progress on the 
introduction of this material as a dielectric in telecom- 
munications, especially high-frequency cables of all kinds. 
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Slip Rings 
for 
Electrical 
Circuits 


V oltages to 30 kv, currents 


are handled by slip rings 
operating at speeds as high as 
20,000 rpm. Higher speeds are in 
prospect. Design factors and 
materials are discussed 


in this article. 


to 600 amp, frequencies to 100 mc 


Ballast resistor 


Oscillograph 
galvanometer 





FIG. 1 (Above)—Schematic diagram of 
slip rings used with strain gage in bridge 
circuit. Measuring gage and dummy gages 
are on rotating element and galvanometer, 
battery and resistor are on fixed element 
of structure. 


FIG. 2 (Opposite page) — Simplified 
diagram of hypothetical gun fire control 
director showing slip rings used to trans- 
fer electrical power at various voltages 
and frequencies to rotating structure. 


Use OF SLIP RING ASSEMBLIES in electrical circuits has 
increased steadily since the middle of World War II. 
Initially, design engineers hesitated to use sliding con- 
tacts in sensitive electrical circuits. However, today prop- 
erly designed slip rings are giving trouble-free service in 
such equipment as gun fire controls and many test in- 
struments under severe service conditions. The capabili- 
ties of present-day slip ring assemblies allow considerable 
freedom in the placing of equipment. For example, a 
high-voltage power supply, i-f amplifier or other section. 
normally on the rotating structure, may be located on the 
stationary portion of the structure since slip rings can 
carry high voltages and radio frequencies. 

Essentially, a slip ring assembly is a mechanism for 
transmitting electrical energy continuously from a sta- 
tionary structure to a rotating structure while permitting 
unlimited rotation in either direction. 

Performance of slip rings very closely approaches that 
of continuous conductors in the following respects: 

1. Cross talk between circuits is comparable to shielded 
cable. 

2. Impedance match at video frequencies is comparable 
to a matched coaxial cable. 

3. Impedance match at radio frequencies is sufficiently 
close for many applications. 

4. Contact and brush resistance is usually much lower 
than the resistance of the wire leads. Contact resistance 
change (noise) under operating conditions is a function 
of current and is usually negligible. 

Slip ring assemblies are designed to meet military re- 
quirements for vibration, shock, humidity and enclosure. 
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Design techniques have been developed for small size and 
light weight. The range of conditions for which slip rings 
may be used with excellent results is illustrated by the 
following listing: 


Voltage: 30 kv and higher. 

Current: 600 amp and higher. 

Frequency: D-C to approximately 100 me. 
Speed: To 20,000 rpm. 


The size of the slip ring assembly depends primarily 
on the number of circuits required and range from a few 
ounces for several low power circuits up to several hun- 
dred pounds for 600 circuits and more. 

Examples of the use of slip rings are illustrated in the 
accompanying diagrams. Fig. 1 shows the circuit ar- 
rangement of slip rings as used with a single strain gage. 
Additional slip rings may be used with multiple strain 
gages. In this case a rotary switch, the equivalent of 
several slip rings with insulated portions, is often used to 
connect the galvanometer to each strain gage in succes- 
sion. Slip ring circuits of this nature are used with strain 
gages for measuring strain in such mechanical parts as 
helicopter rotors and gas turbine blade. The slip ring cir- 
cuit of Fig. 2 is somewhat more complex in that it has 
slip rings for d-c, video and high-voltage pulse signals. 
They are shown in a simplified, hypothetical gun fire 
control director. 

Design Principles. The design approach depends on 
the electrical and major mechanical requirements. 
Methods for designing rings and brushes includes plastics 
molding, electroplating or electroforming and fabrication. 
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plastics material and drill holes 
for the lead wires. A conductive 
surface is formed in the ma- 
chined grooves by applying a 
conductive paint. Metal is then 
electrodeposited to form the 
ring. Good design requires ihat 
a firm bond be made between 
the lead wire and the electroformed ring. Also, care must 
be taken to completely avoid corrosion. Epoxies in rod or 
tube form are favored for the base material because they 
are relatively strong mechanically and do not absorb 
plating solutions. However, they have a high coefficient of 
thermal expansion compared to that of metals. Materials 
with fibrous fillers of any type should be avoided. 

Fabricated ring assemblies are made in two different 
concentric ring configurations. The rings and insulators 
are either stacked vertically to form a cylinder, or the 
rings are mounted inside one another on a flat insulating 
plate. The method used is usually determined by the size 
and shape of the available space. The flat assembly in 
multiple and stacked vertically, with space between sec- 
tions for brushes, sometimes saves considerable space. 

In the cylindrical configuration (Fig. 5) all the rings 
and insulators are of the same diameter. Tie bolts pass 
through holes in the insulators, screw into end plates and 
compress the rings and insulators to hold them securely. 
Lead wires are soldered to ring tabs, are fed through 
holes in the insulators and extend from one end of the 
assembly. In the flat configuration (Fig. 6) the rings are 
riveted to the flat phenolic laminate sheet with one rivet 
space used for a soldered lead wire. Th leads are on the 
reverse side and are brought to the center and passed 
through a center hole. The phenolic laminate sheet is se- 
cured to a base plate to hold it flat, or two sheets with 
rings may be riveted back to back and supported by a hub 
at the center. In the latter case, a space is provided be- 
tween the phenolic sheets for the lead wires. 


*TItalic numerals in parentheses apply to Cited References at end of article. 
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FIG. 3 (Left)—Molded plastics body with slip rings as inserts, shown in actual size. FIG. 4 (Right)—Electroformed 
slip rings (actual size). Proper electro-deposition method gives sufficient thickness of metal and adequate hardness, 
FIG. 5—Fabricated ring assembly of cylindrical configuration and leaf spring brushes. Beryllium copper or phosphor 


Mounting. For the smaller molded assemblies, a shaft 
may be introduced into the mold for mechanically mount- 
ing the slip rings, or a center hole may be provided for 
mounting the slip rings to a shaft. For the larger fabri- 
cated assemblies, the rings and insulators are usually 
placed on a tube with the leads fed into the tube through 
machined slots. This results in an integral assembly of 
rings and insulators having the lead bundle extending 
from one end of the center tube. The tube may then be 
provided with bearings for mounting to the housing. 

Ring Materials. Precious metals are used for the 
rings with coin silver and fine silver preferred. For cer- 
tain critical applications where the presence of silver sul- 
fide cannot be tolerated, gold, palladium and _ platinum 
alloys or fine silver with a rhodium flash may be used. 

The general practice is to make the rings from hard 
materials. Coin silver can be work-hardened to about 145 
Brinell, harder than needed. Electrodeposited fine silver 
has a hardness of about 30 Brinell and can be work- 
hardened to about 70 Brinell. Fine silver has been elec- 
troplated to a hardness of 150 Brinell. Gold alloys can be 
work-hardened to the range of about 120 to 145 Brinell. 

Brushes. Brushes are usually either the “motor type”. 
borrowed from the electric motor designers (2), or the 
cantilever type with the contact welded to the end of a 
flat spring (Fig. 5). The motor type has a pigtail lead 
and either a self-contained coil spring or a tension spring 
mounted on the holder to supply the required pressure. 
In the cantilever type, the leaf itself carries the current 
and also provides the brush pressure. The most widely 
used contact material is silver graphite. 

The type of brush chosen depends on the current and 
the available space. Either type may be used, with the 
moter type preferred for high currents. However, the 
cantilever type has been used for currents of 200 amp. 
The limiting factor here is the temperature rise of the 
leaf spring. This limitation is reduced by employing a 
flexible copper wire jumper across the leaf spring. A 
button contact (93 per cent silver, 7 per cent graphite) 
about 1 in. in diam x 4 ¢ in. thick welded to a cantilever 
spring having approximate dimensions of 1 in. width, 
0.010 in. thick and 1 in. long carries 5 amp easily. 

To conserve space, the brush holding block can also be 
a terminal board for the lead wires. Usually, the width of 
the brushes, including the electrical creepage path, (3), 
(4) is greater than the ring spacing. Therefore. the 
brushes on a brush block engage every other ring to 
make two blocks mandatory. 
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Brushes are selected for the following characteristics: 
(1) Low or negligible electrical noise, (2) low static 
contact resistance, (3) high brush material conductivity, 
(4) uniform structure with complete absence of hard 
spots, and (5) low rate of wear but a greater rate of wear 
than the ring used with the brush. 

The causes for electrical noise are not entirely under- 
stood. However, experiments have demonstrated that it 
increases greatly when galling (metal transfer) occurs 
between the ring and brush and it decreases very rapidly 
and frequently to a negligible value when a lubricant is 
present. Tolerable noise depends on circuit requirements 
and there are degrees of acceptable noise for various ap- 
plications. 

For very sensitive circuits such as strain gage circuitry, 
lubrication is mandatory. The silver-graphite brush is 
very satisfactory because the graphite is always present 
on the wearing surface where needed, and the wear pro- 
duct is an easily removed dry powder. Except for very 
high peripheral speeds, 5 to 10 per cent graphite by 
weight in the brush is sufficient for lubrication. The 
smallest quantity should be used commensurate with good 
lubrication. Oils and greases are not in general use be- 
cause they mix with the products of wear, tend to spread 
over the ring insulators and are difficult to remove. Also, 
certain oils and greases act as cutting fluids and tend to 
increase galling. 

The cantilever type brush assembly has a silver-graphite 
contact welded or resistance-brazed to the leaf spring. The 
leaf spring is often silver plated for corrosion resistance 
and added conductivity. The contact itself should not be 
plated. Contacts as small as 0.032 x 0.062 x 0.032 in. may 
be used. However, for certain miniature assemblies, it ‘s 
impractical to fasten a sufficiently small silver-graphite 
contact to a wire or leaf spring and precious metal wipers 
are used instead. 

Certain ring and brush combinations of precious metal 
alloys have good operating characteristics, but in general 
they are limited to low peripheral speeds of about 5 to 10 
ft per min. The reasons for widely differing operating 
characteristics of similar alloys are apparently not fully 
understood and there is no generally accepted theory. 

Some users of slip ring assemblies prefer the motor or 
cartridge type brush. For the smaller sizes, close toler- 
ances are required between the brush and holder so the 
brush will be free in the housing, but not so loose that 
it will cant. Lead wires must be kept away from the spring 
coils to avoid breakage. 
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bronze (conductivity about one-third that of copper) is generally used in leaf springs. FIG. 6—Flat slip ring as- 


sembly may be used in multiple decks to conserve space. Decks are separated to allow room for brushes. Printed 


circuit techniques are well adapted to this configuration. (Photos 


High Speed Slip Ring Assemblies. The recent in- 
creased use of aircraft gas turbines and auxiliary high 
speed equipment has incrased the need for high speed 
instrumentation slip ring assemblies for use with strain 
gages and thermocouples. Present requirements are from 
10,000 rpm to 42,000 rpm, involving linear surface speeds 
up to 15.000 ft per min. Slip ring assemblies in this cate- 
gory are still in the experimental stages, but many give 
satisfactory service at 10,000 to 20,000 rpm. 

There are two approaches to the problem of high speed. 
One is to employ conventional type rings and brushes and 
the other is the mercury slip ring assembly. (5) The 
mercury slip ring contains a rotor containing a series of 
insulated copper rings, nickel plated except for a thin 
strip. These copper rings are in close proximity and con- 
centric with other similarly treated copper rings of the 
stator. Mercury fills the gap between the rotor and stator 
and provides the electrical circuit. Mercury, because of 
its high affinity for copper, is retained between the copper 
surfaces of the two concentric rings. It is prevented from 
flowing to the adjacent section and causing a short circuit 
by a capillary section created between the rotor and stator 
at the insulating section. Its surface tension prevents it 
from passing through the capillary section. 

The mercury slip ring has been used very successfully 
in strain gage circuits to 20,000 rpm, and it is believed 
possible to operate them at speeds approaching 60,000 
rpm. Users have reported that operating temperatures 
over 120 F shortens the life of the assemblies as presently 
designed. and the shelf life is limited. 

The conventional high speed slip ring assembly is 
similar to a low speed assembly, except the brush contacts 
may have a higher percentage of graphite for better wear. 
and the brush assembly should provide for adjustable 
brush pressure. The higher graphite content increases the 
contact resistance and also the electrical noise. Increased 
brush pressure reduces electrical noise. Therefore, ad- 
justable brush pressure to achieve long life and low noise 
is very desirable. 

The heat generated because of friction is sometimes 
considerable and forced air cooling may be required. The 
required torque and therefore the power for any design 
may be calculated by using a coefficient of friction of 0.4 
for the silver graphite brush. (2) 

The essentials of slip ring assembly design are not 
difficult to master. The electrical circuit engineer should 
use them with confidence both to construct simple ones 
for his own use and to specify requirements for those 
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Courtesy of D. E. Makepeace Company.) 


used in production quantities. Information required for 
the design of any slip ring assembly includes the fol- 
lowing: 

1. Voltage and current to be carried. Also frequency 
for radio frequency applications. Low currents may be 
specified as “below 1 amp,” for example. 

2. Shielding requirements or a voltage attenuation 
figure between rings. Eighty db at 400 cps and from 
40 db to 60 db at radio frequencies are readily attainable. 

3. Grounding requirements. Some applications require 
above ground terminations for the shielding. 

4. Maximum torque requirements, if critical. 

5. Maximum allowable noise requirements, expressed 
in millivolts or microvolts. An accurate estimate of ring 
current is necessary when there is a limitation on noise. 

6. All physical requirements such as speed of rotation, 
size and weight limitations, and environmental conditions 
(temperature, humidity, altitude, shock, vibration). 


7. Applicable government specifications. O00 
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Embedment Techniques— 


A Discussion on Thermal Dissipation 


Editor's Note: The article, “Embedment Techniques for Subminiaturization,” 
by Herbert E. Blanke, Senior Engineer, Doelcam Division, Minneapolis- 
Honeywell, Boston, has developed a provocative discussion on the subject 
of thermal dissipation by James P. Welsh, Industrial Division, Cornell Aero- 
nautical Laboratory, Inc., Buffalo, N.Y. and the author, with some participa- 
tion by the editors. The correspondence follows: 


From Mr. Welsh to the Editors, 
May 16, 1955: 


Embedment techniques for miniatur- 
ized electronic equipments are men- 
tioned on pages 7 and 140 to 143 of 
the May issue of ELecrricaL MANu- 
FACTURING. I wish to advise that cau- 
tion should be exercised in stating 
that “subminiaturization techniques 
are practically synonymous with cast- 
resin embedment techniques.” It is 
also mentioned that embedment tech- 
niques are applicable “to many equip- 
ments where severe requirements of 
compactness, ruggedness and heat dis- 
sipation may be encountered.” 

These statements may give the reader 
the impression that embedment tech- 
niques are thermally adequate for re- 
moving heat from electronic devices. 
Actually, the plastics embedment ranks 
very low on the list of cooling methods 
for such applications, since it is lim- 
ited to heat concentrations of the or- 
der of 0.25 watts/in.* when the best 
known resins are utilized. This is mostly 
due to their poor thermal conductivities 
which are on a par with that of fire- 
brick. Further, heat transfer between 
closely spaced component parts is 
severely impeded due to interference 
with gaseous conduction and_particu- 
larly radiation. The gross emissivities 
of encapsulated heat producing parts 
are significantly modified by the highly 
reflective surfaces which are normally 
produced at the interfaces between the 
resins and the parts. The thermal limi- 
tations of plastics embedment are in- 
directly indicated by Mr. Blanke’s uti- 
lization of metallic conduction for cool- 
ing the vacuum tubes. 

These comments are based upon 
almost a decade of continuous research 
and development experience on minia- 
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turized equipments for the Armed Serv- 
ices. In general, embedment techniques 
have not been used in this Laboratory 
since late 1948 because of the above and 
other limitations. For the past 414 years 
we have been investigating methods 
of cooling electronic equipment for 
the U. S. Navy, the end products of 
this effort being heat-transfer design 
manuals for electronic engineers. This 
work is directed towards the educa- 
tion of electronic engineers in thermal 
design to ultimately improve the relia- 
bility of military electronic equipment. 
Thus, when I encounter misleading 
statements relative to electronic cool- 
ing, which are contrary to our un- 
biased findings, I feel that it is our 
duty to aid in the elimination of such 
misinformation. We are today con- 
fronted with a severe reliability prob- 
lem which appears to be primarily 
created by misapplication, excessive 
temperatures and increased complexity 
of parts and functions. A reader of your 
May issue may gain the impression 
that embedment is the answer to his 
prayer when, actually, it can only 
be occasionally applied to new mili- 
tary equipment designs. 


James P. Welsh 


From the Editors to Mr. Welsh, 
May 19, 1955: 


We welcome such letters as yours, 
since they demonstrate that the feature 
content of our publication is read care- 
fully, and, moreover, since they pres- 
ent authoritative viewpoints where con- 
troversial technical questions may be 
involved. 

Having said that, however, I do feel 
that you have been unduly critical of 
Mr. Blanke’s presentation. First of all, 
this is strictly a case-history report 


on an apparently successful experience 
of the Doelcam Division in the use of 
epoxy resins for an application where 
there were severe requirements of com- 
pactness, ruggedness, and heat dissipa- 
tion. The report is supported by an 
adequate amount of documentation. 
The end product has apparently been 
manufactured to comply with the stated 
requirements. It would be entirely 
logical to conclude that the same mate- 
rials and techniques could be applied 
to other equipments where 
conditions may be encountered. 

Moreover, Mr. Blanke has been very 
careful (and we here in editing the 
manuscript have taken precautions to 
see that he was careful on this point) 
to qualify very fully his experience by 
pointing out the inherent limitations 
of the epoxy or other embedment resins 
where heat dissipation problems are 
involved. 


similar 


—Alex. E. Javitz 


Special Features Editor 


From Mr. Welsh to the Editors, 
May 25, 1955: 


The implication and general tone 
of the article, and especially that of 
the abstract on page 7 of the May 
issue, are such that designers may be 
misled. For example, it is stated that 
“you'll find the solutions applicable to 
many equipments where severe require- 
ments of compactness, ruggedness, 
and heat dissipation may be encoun- 
tered.” In your letter you, in effect, 
repeat the above and cite a success- 
ful case history. Further, this particular 
example does not involve a severe ther- 
mal problem. In fact, the heat con- 
centration appears to be much lower 
than is encountered in the average 
miniaturized electronic device for mili- 
tary usage. This is an unusual case and 
is not typical of many equipments. 

To the best of my knowledge, plastics 
embedment has not, to date, been suc- 
cessfully and reliably applied as a 
heat-removal medium to any electronic 
equipments that have severe  heat- 
dissipation requirements. Severe ther- 


ELECTRICAL MANUFACTURING 


prom oe 


ma 
ma 
tho 
exe 
dis 
Th 
tiv! 
nol 
sp! 
ha’ 
Ot 
fac 
att 

for 
be 
ab 

cor 


the 
Th 


be 


to 


es 


eeemer 


mal requirements, excluding the ther- 
mal environment, have been defined as 
those resulting in heat concentrations 
exceeding 1.0 watt/in.*, and unit heat 
dissipations exceeding 0.5  watt/in.°. 
Thus, I say that a device having a rela- 
tively low heat concentration should 
not be used as the basis for any wide- 
spread philosophies on designs that 
have severe thermal requirements. 
Otherwise, electronic engineers who 
face severe cooling requirements may 
attempt to use plastics embedment alone 
for cooling. In such applications, em- 
bedment will lead to increased unreli- 
ability and greatly increased military 
costs. 

Mr. Blanke’s article does discuss the 
thermal limitations of embedment. 
This is fine, and I did not intend to 
belittle his work but to supplement it. 
| heartily concur that embedment can 
be easily misapplied. But, it was not 
clearly stated that embedment can sel- 
dom be used alone as a heat-transfer 
medium, and, when applied, it usually 
must be supplemented by other cool- 
ing modes. Actually, Mr. Blanke uti- 
lized metallic conduction as the pri- 
mary heat-removal technique for the 
vacuum tubes (which probably were 
his greatest source of heat) and the 
plastic contributed little or nothing 
to their cooling. Since the plastic was 
not used as the primary cooling me- 
dium, how can a statement that “em- 
bedment (with a thermal insulator) 
is applicable where severe requirements 
of heat dissipation are encountered” 
be in order? I think it could have been 
better stated so that the reader would 
not obtain the impression that embed- 
ment contributed to the cooling. Thus, 
in view of the above, I feel that sub- 
miniaturization techniques are not 
synonymous with cast-resin embedment 
techniques. 


James P. Welsh 


From the Editors to Mr. Welsh, 
June 6, 1955: 


You hinge your criticisms on one fac- 
tor—thermal dissipation. But the fact 
is that the Doelcam case history was 
concerned with a combination of re- 
quirements. When you have compact- 
ness, ruggedness and a certain degree 
of heat dissipation involved, then I 
feel, as the author felt, that the total 
or combined requirements were severe. 
When you isolate thermal dissipation, 
as you do, then, it is granted, a severe 
instance of thermal dissipation does 
not exist. 

You repeat your criticism of the 
author’s statement that subminiaturiza- 
tion techniques are synonymous with 
cast-resin embedment techniques. Taken 
by itself, this statement is undoubtedly 
too broad and too encompassing. But 
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if you take this statement as it should 
be taken, in context with the paragraph 
that precedes it in the article, and 
with the paragraph of which it is the 
first sentence, then the picture is en- 
tirely changed. 

For what the author has done here 
is to enumerate first the requirements 
for miniaturization that he had to meet, 
and then he shows how the applica- 
tion of cast resin techniques paralleled 
these requirements. 


—Alex. E. Javitz 


From Mr. Blanke to the Editors, 
June 20, 1955: 


The pressure of other duties has pre- 
vented me from making a prompt re- 
buttal to Mr. James P. Welsh’s letter of 
May 16, 1955, and in the meantime, 
I have also received the copy of his 
May 25, 1955 letter. I will herewith 
attempt to make a rebuttal to both 
letters. 

My article was written as a case his- 
tory, not as an engineering discussion 
of the design problems encountered. In 
order to clarify the historical narrative, 
discussion in technical terms of the 
engineering involved was held to the 
barest minimum. In view of this, I feel 
that if the entire article is read in 
context, Mr. Welsh and myself are in 
complete agreement that plastics em- 
bedment resins cannot to be used as a 
cooling medium. Nowhere in the article 
is this claim made. In the “Amplifier 
Sections” part of the article, the brief 
description of the method used to main- 
tain satisfactory operating tempera- 
tures within the embedments, clearly 
indicates that the embedment resins 
were not used as a means of cooling. 
When that description and the qualify- 
ing paragraph (“Resin embedment. 
however, is not a complete panacea,” 
etc.) are taken in context, I do not 
believe any design engineer worthy of 
the name could be led astray. 

Mr. Welsh points out in his May 16 
letter that most of the successfully used 
embedment resins have poor thermal 
conductivity (“on a par with fire- 
brick”). I was made well aware of this 
stumbling block to successfully design 
by the limited literature available on 
the subject at the time this project was 
in the design stage. Every available re- 
port, meager as each was in technical 
details, stressed this negative design 
characteristic of plastics embedment 
resins. 

I decided to accept this negative 
trait in order to make use of the very 
positive design characteristics of em- 
bedment techniques. Once poor thermal 
conductivity of the resins was accepted 
as a design limitation, engineering ef- 
fort was channeled toward developing 


a system for removing undesirable heat 
that would not involve heat transfer 
through the embedment resins, yet 
would be compatible with the positive 
design characteristics of these tech- 
niques. The result is the system of me- 
tallic heat conduction paths described 
in the article. 

This design philosophy appears to 
align us on Mr. Welsh’s side. In fact, I 
wholeheartedly agree that plastics em- 
bedment is about the worst method that 
could be employed to cool any dissipa- 
tive electronic subassembly. One does 
not put on a fur coat to keep cool in 
August! I do feel that once this nega- 
tive design characteristic is accepted in 
order to use the very positive design 
characteristics of embedment resins, 
thoroughly practical, workable, and 
useable designs can be evolved. 

Mr. Welsh points out in his letter of 
May 25 that the example given in the 
article does not pose “severe” thermal 
requirements. He then goes on to define 
in specific terms, heat concentrations 
that are accepted as “severe.” Our dis- 
sipation vs volume ratio is 0.139 watt/ 
in.*; the ratio for dissipation vs sur- 
face is 0.223 watt/in.*. Neither of these 
figures qualifies for Mr. Welsh’s defini- 
tion of “severe” thermal requirements. 
In fact, when these figures were esti- 
mated from the dissipation and phys- 
ical dimensions during design we felt 
confident that high ambient conditions 
could satisfactorily be met. 

But this is not the whole picture of 
heat dissipation. Heat was not being 
developed at the “skin” of the unit, 
but deep down inside. Visions of hot- 
spot temperatures rising to fantastic 
levels were constantly before us while 
designing the heat dump paths for the 
dissipative components. And we did 
have dissipative components that meet 
Mr. Welsh’s definition for “severe” 
thermal requirements! The driver am- 
plifier embedment, for instance, dissi- 
pates 7.07 watts in 5.5 cu. in. This is 
1.28 watt/in.* and exceeds Mr. Welsh’s 
definition by 28 per cent. In the face 
of this I do not believe that Mr. 
Welsh’s claim that “this is an unusual 
case—not typical of many equipments” 
is sustained. 

Design of equipment of this type 
has to be integrated to a very high de- 
gree. No one part of the design can be 
finalized until its relationship to the 
design as a whole has been well estab- 
lished. Since the whole design is the 
integration of all of the part designs 
the above statement looks like and 
actually is a paradox. The whole design 
is never really “finalized” in the sense 
that it becomes a “perfect” design. 
When the whole design becomes “ade- 
quate,” i.e., able to meet all of the 
original design specifications with satis- 
factory margins of safety, then eco- 


(Continued on page 298) 
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Computer Prepares Magnetic Tape for Machine Control 


THE AUTOMATIC MILLING of intricately 
contoured, low-tolerance workpieces on 
multi-axis machines presents obviously 
complex control problems. Historically, 


mechanical copying devices, cams and 


templet tracers have been long and 
widely used in the industry, despite 


their inherent limitations. The post war 
years brought a movement to overcome 
these limitations by substituting elec- 
tronic for mechanical control through 
such media as punched and magnetic 
tape, wire and even film. All of these 
depend on recording from templets, 
operator-produced sample 
machine “dry runs.” Now, a new system 
is available to circumvent these inter- 
mediate steps. 

With the “Numericord” system, as 
developed by the Giddings & Lewis 


Machine Tool Co.. Fond du Lac, Wis.. 


pieces or 
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FIG. 1—Skin mill under magnetic-tape 
at right. 
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machining cycles involving as many as 
five machine axes and 22 auxiliary 
machine functions are completely plan- 
ned and engineered by mathematical 
computation. Precalculated data, in 
normal decimal numerical form, are 
processed by an electronic computing 
director into continuous  phase-mod- 
ulated command signals, automatically 
recorded on magnetic tape. This tape is 
electronically read in the machine con- 
trol unit to operate sensitive, wide-range 
amplidyne servomechanisms which per- 
form all feed and traverse functions 
automatically. This makes possible ac- 
curate repetition of an entire machin- 
ing program for producing identical 
parts in any quantity and to tolerances 
limited only by the accuracy of the 
machine tool—ordinarily 
tween + 0.001 to 0.002 in. 


ranging be- 


control. Playback equipment is in cabinet 





While applicable to many types of 
machine tools, the Numericord system 
was demonstrated at Giddings & Lewis 
to control of one of their aircraft-type 
spar and skin-milling machines, Fig. 1, 
performing all “plunge,” “channel,” 
“pocket” and contouring cuts necessary 
to mill complete jet plane skin and wing 
panels from solid 75 ST 
plate. With it, 
operations as tool 


aluminum 
such non-productive 
setting, gaging, 
templet changing and positioning are 
radically reduced or completely elim- 
inated. Avoided, too, are time and 
material losses resulting from wasted 
operator motions, lack of skill, mis- 
calculations and human error. The 
system also eliminates inaccuracies in- 
herent in templet-tracer controls, as 
well as mounting and mechanical link- 
age problems encountered in multiple- 
templet contouring. 

Four major components make up the 
Numericord system: (1) a paper-tape 
preparation unit, which punches on a 
master numerical tape decimal informa- 
tion previously calculated from part 
drawings, tooling data and machine 
feed rates; (2) an electronic computing 
director, which converts digital informa- 
tion on the paper tape into phase- 
modulated, time-coordinated command 


signals recorded on proper parallel 
channels of a magnetic tape; (3) 
electronic play-back circuitry, which 


reads commands off the magnetic tape 
and sends appropriate electrical control 
signals to the machine; (4) electro- 
mechanical, machine-control units which 
operate in closed-loop, phase-shift, syn- 
chro-servo systems to position machine 
axes in accordance with taped com- 
mand signals. Machine auxiliary func- 
tions and non-feed controls are operated 
automatically through relay circuits 
from simultaneous command impulses 
on other parallel tape channels. 

To prepare a master paper tape, the 
operator merely enters previously-cal- 
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culated decimal increments of desired 
machine motions and time intervals on 
the keyboard of the paper tape unit. 
No conversion into binary code form 
js necessary as the unit accepts ordinary 
decimal digital information. Special 
commands are entered on the tape in 
the same fashion. Checking circuits in 
the unit operate automatically to deter- 
mine command errors such as excessive 
feed rates or time intervals. missing plus 
or minus signs, wrong number of digits 
in any command and improper least 
significant digit. Other supervisory cir- 
cuits examine all data fed into the unit, 
perforating additional holes in the 
paper tape for logical control of the 
system’s electronic director unit. 

“Stop” codes placed in the paper 
tape sequence provide intervals for tool 
examination and replacement as well as 
for checking settings of machine ver- 
niers. Thus, interruption of a machin- 
ing program by tool breakage merely 
requires return to the first previous 
“stop” signal, retooling and restarting 
of the machine-control unit. Automatic 
operation. can then be resumed at that 
stop. 

As an example of the system’s flexi- 

bility, standard engineering-type com- 
puters can be used to avoid manual 
calculation of axes movements and time 
coordinates. tooling. feed. traverse and 
other data necessary to program com- 
plete part machining cycles. Such gen- 
eral-purpose computers usually require 
only the addition of readily available 
paper tape punching units in their out- 
put circuits to make them usable in 
preparing information for the Numeri- 
cord’s director unit. 
Fig. 2, 
decimal digital information, contained 
on the paper tape. into the phase- 
modulated continuous electrical signals 
for recording on 
operation. — the 


The director, processes the 


magnetic tape. In 
reads the 
punched paper tape. line for line, stor- 


ing information thus serially presented 


director 


in special magnetic-core memory units 


FIG. 2—Equipment for computing and recording control signals 
Input desk is in the foreground. 


until released for impressing on the 
magnetic tape. 

Visual indicators on the director's 
control panel provide one fine and five 
coarse data repeaters. which alge- 
braically add distance commands for 
each machine axis during a program. 
The fine indicator can be connected in- 
to each of the coarse circuits by push- 
button, permitting the director's opera- 
tor to check positions of all tool centers 
at any time, just as though he were con- 
trolling the machine directly. 

Control of each machine axis is ac- 
complished by independent, closed- 
loop servo circuits. A movement of but 
0.100 in. along a machine axis _pro- 
duces one complete revolution of the 
rotor of the associated synchro. 

Parallel tape channels permit simul- 
taneous machine axes movements. to- 
gether with auxiliary-function control. 
\s examples. when a 400-cycle signal 
appears on a particular auxiliary func- 
tion channel, drive is transferred from 
right to left head; when this signal dis- 
appears. drive reverts to right head. Ap- 
pearance of a  200-cycle signal on 
another starts coolant 


channel flow. 


Selecting Casting Resin for Thermal 


FRED GEHRKE 
DEsIGNERS FOR INpbusTRY, INC. 
Cleveland, Ohio 


CAST RESIN-EMBEDMENT techniques were 
utilized hermetically 
sealing a 10,000-volt, 5-ma power supply 
to provide protection 


successfully in 


against corona 
effects. The same technique was applied 
to hermetic sealing of CRT deflection 
amplifier components. Three problems 
arose in the selection and application 
of the resin: 

1. The resin was required to have a 
low temperature cure. 
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2. An unmodified resin would lack 
adequate thermal conductivity and heat 
dissipation properties. Fifteen watts 
had to be dissipated. A filler was there- 
fore necessary that would impart these 
characteristics to the resin as_ used. 
Obviously, the filler was also required 
to be an electric insulator. 

3. A suitable mold had to be con- 
structed that would contain the resin 
throughout the cure cycle. 

A silica-filled epoxy resin was finally 
selected. The resin was Minnesota Min- 
ing’s Scotcheast No. 3; the filler was a 
98.8 per cent pure silica sand. No. 38 





on magnetic tape. 


while on still other channels such 
signals automatically control oil pumps. 
chip conveyors, etc., or provide planned 
“stops” for both machine and tape. 

The electronic playback unit, con- 
nected to the machine tool, reads all 14 
channels of the magnetic tape simul- 
taneously, sending to the machine a con- 
stant stream of signals controlling all 
its movements and functions in ac- 
cordance with requirements of the 
machining program. On the skin-milling 
machine, three Cartesian axes of the 
machine are under numerical tape con- 
trol. plus such basic functions as start, 
stop, and traverse. 

Machine axes are driven by d-c 
motors connected through ball bearing 
nut and screw mechanisms. Synchro 
feedback is accomplished by parallel- 


mounted precision rack and_ pinion 
gearing which accurately translates 


feed movement into rotation of the syn- 
chro’s rotor shaft. Both drive and feed- 
back assure minimum backlash and 
friction-free operation for maximum 
accuracy in positioning the tool head 
and improving finish of machined parts. 

O.0'© 


Properties 


mesh. Some weight disadvantage was 
incurred, but this was not a sufficient 
factor to overcome the advantages ac- 
crued from the thermal properties of the 
silica sand. 

A 5-piece mold was made out of %-in. 
thick maple. The bottom was screwed 
to the sides which were bolted to each 
other. During the pre-cure stage, the 
resin filled all crevices and cavities. A 
silicone grease mold release agent was 
utilized. 

Heat dissipation characteristics were 
determined by measuring the tempera- 
ture of a 10-watt resistor embedded in 
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the resin with 10 watts of power applied 
to it. A thermocouple bridge measur- 
ing device was employed. Temperatures 
were plotted against time for compari- 
son purposes as shown in Fig. 1. In 
addition to the silica-filled resin, two 
other samples were tested, in one an 
aluminum oxide filler was used, and in 
the other, a mica filler. 

The aluminum-oxide and mica-filled 
epoxies attained a temperature of 270 F 
in approximately 5 min. The silica- 
filled epoxy rose to a stabilized tem- 
perature of 270 F after 2 hr of opera- 
tion with 15 watts of power being 
applied. The aluminum-oxide sample, 
114 hr later rose to 550 F. This tem- 
perature caused the casting and 10- 


watt resistor to fracture with a slight 
explosion. The mica-filled sample rose 
to 475 F and stabilized. (It should be 
noted that the Scotchcast No. 3 was 
used only with the silica filler; another 
epoxy was used with the aluminum 
oxide and the mica fillers. ) 

At 1 in. away from the heat source, 
the aluminum oxide-filled and the mica- 
filled castings reached a temperature of 
175 F and 155 F respectively. At 34 in. 
away from the heat source, the silica- 
filled casting reached a temperature of 
147 F. This material has the lowest 
thermal drop per linear inch. 

The data given are not intended to 
be conclusive, but only indicative of 
possible superiority of silica-filled epoxy 
resins when applied for embedment or 
encapsulation of power transistors, mag- 
netic amplifiers, 


low-power _ trans- 


Mica- filled \10 wa 


Temperature, deg 


+ Mica- filled, lin. from heat source 


ilico-tilled, ¥4in. from heat source 





formers, relays and solenoids, also in and 87 particularly). O00 
FIG. 1—Thermal dissipation properties of epoxy resin 
with various fillers as determined on resin-embedded unit 
after cure has been accomplished. 
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FIG. 2—Thermal conductivity of silica-filled epoxy casting 


source, 


subminiaturization of high-voltage units. 
Similar techniques may be found appli- 
cable in mechanical friction devices in 
which cooling would be a desirable 
factor. 

The thermal drop throughout a 
silica-filled Scotchcast epoxy No. 3 up 
to 714% in. away 
shown in Fig. 2. 

References: See the following fea- 
ture articles previously published in 
ELectricAL MANUFACTURING for data 
on the characteristics of loaded epoxy 
resins and on fillers themselves: 
“British Developments in Embedded 

and Printed Circuits,’ May 1953, p. 

84 (Tables I and II, p. 86 partic- 

ularly). 

“The Epoxy-Resin System for Em- 
bedded Circuits and Components,” 

April 1955, p. 74 (Tables on pp. 86 


from heat source is 


resin measured vs distance of thermocouple from heat 


Magnesium Fixtures Increase Weight Capacity of Vibrator 


TO MAKE EFFICIENT USE of vibration 
testing equipment under maximum ac- 
celeration loadings, the weight of hold- 
down fixtures should be kept to a 
minimum. Also, to prevent resonant 
vibration, stiffness combined with low 
weight and high damping capacity are 
required for the fixture design. Damp- 
ing capacity is the ability of a material 
to absorb and dissipate energy by in- 
ternal friction when subject to cyclic 
stresses below the endurance limit. 
Magnesium is commonly used for 
vibration test fixtures because of its 
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favorable physical characteristics, These 
include: (1) Low weight per unit vol- 
ume; (2) high stiffness per unit weight; 
(3) highest damping capacity of any 
common structural metal except cast 
iron; (4) close flatness tolerances; (5) 
excellent weldability and machinability. 

Shown in Fig. 1 is a vibrator used by 
the Dalmo-Victor Co., San Carlos, Calif., 
for the vibration testing of radar 
equipment. Normally the test article 
is supported by the vertical test table 
attached to the face of the machine. 
However, since the direct vertical load 


on the vibrator reduces its effective 
capacity, the test item is supported by 
an outboard platform mounted on flexi- 
ble members. This platform must be 
as stiff and light as possible—hence 
magnesium was used. 

Fig. 2 shows a 6-ft weldment made of 
14%4x3 in. magnesium tubing that is 
used for the vibration testing of a 
radar antenna. The total capacity of 
the vibrator at 12 g’s was about 160 
lb dead load. Since the weight of the 
antenna is 120 lb only 40 lb was allowed 
for the support fixture. In addition to 
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ment. 


its lightweight the fixture had to be 
rigid enough to transmit the 160 x 12 
or 1920 lb applied force at 500 eps. 
Gilfillan Brothers, Inc. are also using 
vibration fixtures fabricated from mag- 
nesium tooling plate, Fig. 3. The 
16 x 26-in. weldment is fabricated from 
2-in. surface plate and 114 in. webs. 
This fixture attaches to a 2500-lb 
Calidyne shake table and permits shak- 
ing of a large unit to 800 cps without 
resonance of the fixture. OOO 


Based on a paper, “Magnesium—A Light 
Weight. Machinable Metal for Low Cost 
Tooling,” delivered before the American 
Society of Tool Engineers, Los Angeles, 


March 14-18. 1955. 


Magnesium outboard platforms used for the vibration testing of radar equip- 





FIG. 2—Lightweight magnesium fixture 
raises effective weight of vibrator and 
permits 12 g testing of 120-lb radar an- 
tenna at 500 eps. 





FIG. 3 


Stiffness of magnesium weldment pre- 
vents fixture resonance when shaking large test 
unit at 800 cps on 2500-lb Calidyne table. 


Peaking Ballast for Wide-Range Fluorescent Dimming 


ARTHUR BASTIAN, Project Engineer 
Warp Leonarp Etectric Co. 
ALTHOUGH simply accomplished for in- 
candescent lamps, the dimming of hot- 
cathode fluorescent lamps poses some 
dificult problems. Varying the light 
output of either type requires adjusting 
the applied voltage. But, when this is 
done with conventional fluorescent light- 
ing circuits, applied voltage can be de- 
creased by only a relatively small per- 
centage without extinguishing the lamp. 
This is so because at the lower voltages 
cathode temperature drops as does the 
potential across the tube and the arc 
cannot be maintained. 

In the new Ward Leonard system for 
fluorescent-lamp dimming, smooth vari- 
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ations over a range of 750 to 1 in light 
intensity can be obtained with instant 
starting of lamps at all illumination 
levels. Mainly responsible for such per- 
formance is a new ballast which pro- 
vides for constant cathode temperature 
and furnishes a high-voltage starting 
pip on every half cycle of applied volt- 
age. Thus, consistent starting, long 
lamp life and continuous dimming over 
a wide range are effected. The circuit 
for the new dimming system is shown 
in Fig. 1. 

The new fluorescent lamp ballast con- 
sists of two. sections. As shown 
schematically in Fig. 2, one section is 
essentially a ballast reactor with a 
closed iron core and a single-winding 


coil. The second section consists of a 
transformer with a 120-volt primary 
winding and two separate secondary 
windings used to supply a constant volt- 
age to the lamp filaments. The trans- 
former has a small air gap in the mag- 
netic circuit and is linked to the ballast 
reactor by means of three or four lami- 


nations. These laminations shunt the 
air gap and pass through the re- 
actor coil. A small amount of flux 


passes from the transformer through the 
reactor coil via these laminations. This 
flux flows for only a small portion of the 
cycle, as these laminations quickly satu- 
rate causing the remainder of the flux 
to pass through the air gap in the trans- 
former. The combination can be re- 
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To other ballasts and lamps 


o Fluorescent lamp ‘] 


Ballast 





Booster 

fronstormer-” , A 
Dimmer 
autotransformer 


120 -volt, 
60-cycle line 


FIG. 1—Typical wiring diagram of dim- 
mer system. Although dimmer trans- 
former range is from 0 to 120 volts, 
booster transformer and a second trans- 
former within the ballast change this 
range to from 85 to 230 volts across the 
lamp. 





FIG. 2 
escent ballast shows reactor and _ trans- 


Schematic diagram of new fluor- 
former circuits. Transformer supplies 
peaking voltage, extends voltage range 
across cathodes and furnishes constant 
cathode voltage. 


VY 


FIG. 3—Waveform of the open circuit 
voltage appearing across the lamp ter- 
minals. The superimposed voltage peak 
is produced by the peaking transformer 
arrangement. When the lamp starts con- 
ducting, the peaks are attenuated. 
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garded as a peaking transformer, with 
the transformer primary acting as the 
primary of the peaking transformer and 
the reactor coil acting as the secondary. 
Thus, a peak voltage of the form shown 
in Fig. 3 is induced in the reactor coil 
twice each cycle. 

The peak has a very narrow base be- 
cause of the short time that the flux 
flows, and it contains very little energy. 
As is characteristic of peaking — trans- 
formers of this type, regulation is poor 
and the peak voltage collapses the in- 
stant the lamp fires and a load is im- 
posed. Therefore, this voltage peak is 
present only when the lamp is unfired 
and collapses when the lamp is con- 
ducting. The voltage peak serves to 
start the lamp at any point in the 
dimming range but it is not the primary 
source of energy for the illumination of 
the lamp. 

The reactor coil of the ballast is con- 
nected in series with the lamp. This 
series combination is connected to a 
variable supply voltage. Any one of a 
number of means may be utilized to pro- 
duce the variable voltage from a fixed 
voltage supply, thereby accomplishing 
dimming. 

In one particular arrangement, a 0-, 
to 120-volt dimmer serves as the variable 
voltage source. A small autotrans- 
former booster extends the range of the 
dimmer output from 0 to 145 volts. A 
series-connected winding on the trans- 
former section of the ballast adds 85 
volts to the dimmer output to give an 
effective open-circuit lamp voltage of 85 
to 230 volts. Power factor correction is 
obtained by the addition of a capacitor 
which is connected to an extension of 
the winding on the transformer section 
of the ballast. 

In a conventional hot-cathode fluores- 
cent lamp with ballast and 
starter, the cathodes are pre- 


circuit 
lamp 





0 10 20 ; 3 50 
Arc current, ma 
FIG.4—Typical volt drop versus are cur- 
rent in critical region of dimming curve 
for hot-cathode fluorescent lamp. 


heated before the lamp starts. When 
the lamp starts, the are current main- 
tains the cathode temperature and the 
preheat circuit is opened. In dimmer 
circuits the cathode heating circuit must 
be maintained since the are current will 
not maintain the cathode temperature 
when the lamp is dim. Failure to main- 
tain the correct cathode temperature 
results in short lamp life and erratic 
dimming. Lamp tests indicated that arc 
current adds little to the temperature of 
the cathode if the cathode is heated to 
the correct temperature by a constant 
voltage heater circuit. Thus, a con- 
stant voltage cathode heating circuit is 
maintained by the dimmer ballast cir- 
cuit when the lamps are on. Positive ion 
bombardment of the cathode, overheat- 
ing of the cathode, and erratic dimming 
due to changing or inadequate emission 
are avoided by this arrangement. 

The impedance of the fluorescent 
lamp varies as the are current is varied. 


Curves of lamp voltage drop vs are cur- 
rent were plotted for a 


number of 





FIG. 5—Bank of motor-driven autotransformers for supplying adjustable line voltage 
to fluorescent ballasts for dimming systems. There are six autotransformers in the 
above unit, each capable of handling 1.6 kw of lamp load. 
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lamps. Irregularities in the curves, such 
as that in Fig. 4, were between 1 and 
10 per cent current values and indi- 
cated the necessity for ballasts having 
an impedance in the order of 1000 ohms 
to establish smooth dimming over this 
region. At higher and lower values of 
are current the ballast impedance could 
be lower. At higher values of arc cur- 
rent the impedance should be lower in 
order to avoid excessively high supply 
voltages. Accordingly, the ballast re- 


Functional Testing 


J. McDONALD 

Materials Engineering Department, 
WESTINGHOUSE ELECTRIC CORPORATION 
East Pittsburgh, Pa. 


G. P. GIBSON 

Motor Engineering Department 
WESTINGHOUSE ELECTRIC CORPORATION 
Buffalo, N. Y. 


AN INSULATION evaluation laboratory 
set up by Westinghouse for functional 
testing of motor insulation contains 16 
individual test stations. At each of 
these stations a Minneapolis-Honeywell 
electronic circular scale potentiometer 
measures the temperature of the test 
motor. This is accomplished by means 
of a thermocouple embedded between 
the top and bottom coils in a stator 
slot. The temperature developed here is 
indicative of the pattern of heat 
throughout the motor winding. Two 
other similar slots in the stator accom- 
modate a second and third thermo- 
couple. One of these is a spare while 
the other actuates the recording poten- 
tiometer described later. 

In order to prevent possible damage 
to the potentiometers, silicone-rubber- 
coated glass sleevings insulate all three 
thermocouples against the high volt- 
ages of the motor winding. Unfortu- 
nately, this material also acts as thermal 
insulation and therefore slows the speed 
of response of the thermocouples. De- 
spite this shortcoming, control action of 
the electronic instrument is sensitive 
enough to keep the motor within 1.5 F 
of the selected aging temperature. 

When the temperature of the motor 
winding falls below the set point on 
the controller, the latter energizes a 
timer that operates alternately the for- 
ward and reverse contactors of a re- 
versing line starter. This causes the 
motor to heat since reversal calls for 
six times greater current than full-load 
operation. Because heat loss is pro- 
portional to the square of the current, 
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actor was designed to provide adequate 
impedance between the 1 and 10 per 
cent current levels without causing ex- 
cessive impedance at the bright end 
Partial saturation of part of the iron 
core accomplishes this without seriously 
altering the crest factor of the current 
wave. 
Autotransformer dimmer operation 
can be accomplished manually or by 
applications of remotely controlled 
motorized dimmers, such as that in Fig. 
5. For manual operation, the conven- 
tional lever arrangement, either inter- 
locking or non-interlocking can be se- 
lected. Motor drives are available with 


two types of remote control systems each 
employing miniature pilot devices. Re- 
mote toggle switches or pushbuttons 
control the movement of each motor 
driven dimmer and can be arranged for 
collective or selective mastering. 
Servo-type control can be used for 
the larger or more elaborate dimming 
installations. Small lever operated po- 
tentiometers control the motor drive 
through a sensitive, low voltage relay. 
This direct, positive positioning servo 
system permits dimming at virtually any 
rate and to any intensity. Other features 
that can be included are proportional 
mastering and presetting. OO 9 


of Motor Insulation 


36 times more heat energy is generated 
during reversal than during full-load 
operation. But when the temperature 
reaches the set point, the timer is by- 
passed and only the forward contactor 
is energized. The motor can then run 
only in the forward direction. No load 
is attached to the motor shaft during 
these tests. 

All 16 stations operate from a single 
timer which consists of a synchronous 
motor with 16 cams. In this manner. 
motor reversal at all the test stations 
is synchronized at the same frequency 
yet no two motors can be reversed at 
the same time. This materially reduces 
peak current requirements for the lab- 
oratory. 

Each test station is also equipped 
with total hour meter, reversals counter. 
ammeter, 


voltmeter, thermostat (for 





controlling water temperature during 
humidification periods), start and stop 
pushbuttons, circuit breaker, and 
switchgear. 

An electronic 16-point temperature 
recorder, mounted on a master panel, 
records motor winding temperatures at 
all the test stations. Through a West- 
inghouse time-delay relay, this instru- 
ment also functions as an over-tempera- 
ture protection circuit that prevents any 
test motor from heating beyond aging 
temperature. The master panel also 
houses the 16-cam timer and control 
relays previously described. 

The test cycle itself consists essen- 
tially of alternate 48 hr periods of 
humidification at room temperature and 
18 hr 


temperature. Additional electrical meas- 


periods of operation at aging 


urements are performed at the end of 


Master panel (right) of Westinghouse insulation evaluation laboratory. Insulation is 
tested in a complete operating motor at elevated temperatures under extreme aging 
conditions. One of the 16 individual test stations is seen at left. 
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each cycle. The complete cycle is re- 
peated until motor failure ends the test. 


The thermal part of the test cycle 
first embrittles the insulating material. 
The severe mechanical shock of motor 
reversals then fractures the insulation 
away from the With the 
conductor moisture applied 


conductor. 
exposed, 


during humidification and voltage ap. 
plied in starting bring about complete 
failure of the motor. In this program, 
5-hp, 440-volt, 3-phase squirrel cage 
motors have been aged until point of 


failure. O08nd 


Linear Potentiometer Serves as Velocity Transducer 


V. E. TICE, Electrical Engineer 
NaTIONAL Automatic Toot Company, INc. 
Richmond, Ind. 


THE NEED for an accurate, convenient 
instrument for checking feed rates of 
hydraulic feed units and like equip- 
ment has long been felt in the field of 
machine tools. To date, probably the 
most used technique for making such 





FIG. 1—Portable feed-rate indicator con- 
sists of pickup head and measuring in- 
strument. Meter shows linear speed di- 
rectly in two ranges, 0-10 and 0-50 in. 
per minute. 


measurements is the steel scale and 
stop watch method. This method, while 
sufficiently accurate, is time consuming 
since several cut and try operations 
are required. Very often the operator 
will take only enough time to “approxi- 
mately” set the feed rate. This results in 
excessive tool wear and increased down 
time, or in decreased production. 
Designed to correct this situation, the 
Natco electronic feed-rate indicator 
permits instantaneous and direct read- 
ing of the linear speeds of machine- 
tool slides and other limited-travel me- 
chanisms. Using a linear potentiometer 
for speed sensing, the indicator, Fig. 1, 
is compact and self-contained. In use, 
the pick-up head is simply placed on 
the machine ways where it is held 
securely by attraction of the permanent 
magnets incorporated in the pick-up 
housing. Rate of change of the potenti- 
ometer output voltage is interpreted by 
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electronic circuits and converted into 
a direct reading in inches per minute 
on the indicator scale. 

Over a period of several years, the 
National Automatic Tool Co., Inc., has 
tried several methods for determining 
feed rates. Electrical tachometers oper- 
ated through rack and pinion step-up 
gear units met with some success. How- 
ever, an arrangement of this type re- 
quires an excessively high thrust for 
operation. This places too great a strain 
on gearing when operating over even a 
limited range of feed rates. Since it was 
never possible to work out a satisfactory 
pickup unit, this method aban- 
doned. Instead. design effort was cen- 
tered around electronic 
detecting linear speed. 


was 
methods for 


In the beginning, variable magnetic 
inductors, photo-electric systems and 
slow-motion electric generators of vari- 
ous kinds were investigated for possi- 
ble use in feed-rate indication. After 
considerable experimentation, it was 
decided that the best method of obtain- 


ing the required velocity-dependent 


FIG, 2- 


a 


signal was by impressing a fairly high 
potential across a linear potentiometer, 
The latter provides a rising voltage as 
the sliding contact moves along the 
voltage gradient of the resistance strip. 
The slope of the curve of output voltage 
vs time varies with feed rate. 

An experimental model based on this 
type of transducer was built to prove 
theory and develop basic circuit de- 
signs. This prototype was as large as 
a small suitcase, 
high battery 
was 


heavy and 
But, its 
Placed 


instrument cut 


caused 
drain. accuracy 
satisfactory. 
use, the 
in many 


in everyday 
set-up 
cases to a tenth of that pre- 
viously required. Such was its success 
that after the had been 
tested for months, it was de- 
cided to compleiely redesign the proto- 
type indicator for small size and _port- 
ability with a view toward making it 
available commercially. 

It was agreed that the new model 
should meet the following specifications: 
A.—It was to be small. light and port- 
able. 


time 


instrument 
several 


i» 





Permanent magnets in housing secure pickup head to ways of machine tool. 
Plunger is also equipped with magnet, which holds it in contact with moving slide. 
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Dust, dirt, moisture and temperature changes 

can’t affect their operation. Mercury-to-mercury 

contact gives ideal snap action, with no burning, 
pitting or sticking. Time delay characteristics 


are fixed and non-adjustable. 


Gllake)"G 0 The Adams & Westlake Company 


j 
A ( 


Established 1857 « ELKHART, INDIANA « New York e Chicago 


the original and largest manufacturers of mercury plunger-type relays 
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B—A self-contained battery power 
supply was to be included. 

C—Accuracy within +5 per cent was 
required. 

D—Only standard components were 
to be incorporated in the assembly. 

E—tThe instrument was to show in- 
stantaneous feed rates. 

F—Permanent magnets were to be 
incorporated for holding the pickup 
unit in operating position. 

G—Feed rate ranges of 0-10 and 
0-50 in. per min were desired. 

In the interests of reducing size, 
weight and battery drain, both minia- 
ture vacuum tube and transistor circuits 
were designed. However, because of 
circuit characteristics and modes of 
operation, the vacuum tubes proved 
more satisfactory. The basic circuits 
of the commercial version are similar 
to those in the original model with a 
few modifications. The finished product 
is shown in Fig. 2 being used to set 
the feed rate on a hydraulic drilling ma- 
chine. Pick-up unit, which houses a 
linear potentiometer with a 4-in. stroke, 
is held to machine ways by a permanent 
magnet. As the tool slide moves forward, 
a push-pull rod attached to the tool 
slide by a permanent magnet moves 
the potentiometer contact within the 
pickup. By impressing a voltage across 
the potentiometer, a voltage gradient 
is produced. As the push-pull rod moves 
the contact along this voltage gradient 
a rising output voltage is fed through 
the 10-ft connecting cable to the in- 
strument. 

Fig. 3 shows the basic circuit of the 
indicator on which patent 
has been applied for. 

The rising voltage obtained from the 
pickup unit as the contact is moved, is 
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FIG. 3—Basic circuitry for feed-rate indicator. Signal converter and cali- 
brator sections contain means for converting rate of rise of potentiometer 
voltage into steady voltage that is proportional to this rate. This steady 
voltage is what is actually recorded on meter. 


converted to a constant voltage signal 
and fed to the grid of tube V/, causing 
unbalance in the bridge amplifier. The 
voltage at the grid of VJ remains con- 
stant as long as the feed rate does not 
change. If the feed rate is increased, the 
voltage at the grid of V/ rises, causing 
an instantaneous corresponding increase 
in current through the indicating meter. 
If motion stops, there is no voltage rise 
at the pickup and the meter will read 
zero. 

A traverse direction selector switch 
is provided. This switch is used when 
checking reverse feeds such as required 
in tapping operations. Or, it may be 
found useful when placing the pickup 
unit ahead of the tool slide. This is 
done frequently when checking feed 
rates on machines having vertical tool 
slides. The range selector sets up the 
instrument for zero balancing the meter, 


Metal Oxide Sealer for Impregnation 


A NEW METAL OXIDE type sealer known 
as Porlox Seal, is now available from 
Prenco Products, Inc., 507 E. 10 Mile 
Rd., Hazel Park, Michigan. This seal, 
a vehicle carrying minerals and metal 
oxides, eliminates porosity in brass, 
bronze. gray iron, malleable iron, steel, 
ductile iron, zinc, aluminum and mag- 
nesium sand and die castings which 
must withstand air, gas, oil or other 
fluid pressures. It can also be used with 
all known types of welding alloys to 
impregnate welded joints. 
Recommended for use in advance of 
machining operations, the sealer is 
available in three types labeled A, B 
and C, packaged in 55-gal non-return- 
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able drums. All three types contain 
the same metal oxides, special catalytic 
oxidizing agent and rust inhibitor car- 
ried in suspension by a sodium silicate 
vehicle and differ only in size and 
quantity of oxide particles. 

Porlox Seal A is preferred for use in 
impregnating low-cost castings such as 
those of gray iron which normally in- 
clude relatively coarse porosity areas. 
Porlox Seals B and C contain finer 
metal oxide particles in greater quan- 
tity for sealing metals of finer porosity. 

The seal can be adapted for use with 
conventional water test equipment. Im- 
pregnation during this phase of the 
production cycle requires some modifi- 


calibrating for full scale deflection and 
selecting one of the two available feed 
ranges. The indicating meter is inher- 
ently protected from damage by circuit 
design; however, a protective fuse is 
also incorporated within the instrument. 

Referring to Fig. 2, the operator is 
holding and operating the indicator 
with one hand. The thumb operates the 
press-to-read switch bar which supplies 
power from the batteries only while 
calibrating .or reading the instrument. 
This extends battery life to a maximum 
and prevents discharged batteries due 
to leaving the switch on. The upper 
half of the instrument case provides 
storage space for the pickup unit and 
connecting cable. It is fitted with a 
convenient carrying handle. The case 
is made of cast aluminum. providing 
protection from damage. D OG 


of Castings 


cation of existing installations, such as 
the addition of a heated reservoir, a 
pump and necessary piping. 

The type of seal effected with Porlox 
A, B or C is generally capable of 
withstanding any pressure which the 
casting itself can withstand. Chrome 
and nickel-plated parts or those with 
baked-on-enamel surfaces can be im- 
pregnated with Porlox Seal without 
affecting the finish. 

Following a conventional degreasing 
operation, parts to be impregnated 
by the batch method are placed in an 
autoclave and the seal, heated to 180 F, 
is circulated under pressure. The metal 
oxide particles are carried into the 
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Why Bodine Motors 
were selected 
for Peck & Harvey 


Whiteprinters 





velops black line and colored line whiteprint BODINE MANUFACTURES 


FRACTIONAL HORSEPOWER 
ELECTRIC MOTORS FOR: 


1 This is a P&H Whiteprinter. It prints and de- 


reproductions... 


adding machines 
letter openers 
sanders 

vending machines 
exhaust fans 
duplicating machines 
portable tools 


sound recorders 





air conditioners 
into the Whiteprinter...just like our blonde check protectors 


ments, plans, diagrams, sketches, charts, reports ; 
friend does...a few seconds later out comes 


? ..-reproductions of memos, forms, letters, docu- 3 You merely slip whatever you want to copy 


...and what have you. 


your copy. 


respirators 

voltage regulators 
x-ray timers 

traffic signal timers 
stirrers 


calculating machines 


envelope sealers 


diesel governors 


.. and for many other 


applications. 





The printer and developer mechanism of P&H This gentleman is Mr. Arthur Harvey, President, 
Whiteprinters are powered by a Bodine Type h Peck & Harvey Manufacturing Corp., builders 
NSH-33R, 1/20 H. P. motor. of P&H Whitepriniers. 
; Your firm has given us valu- 
¥ able engineering assistance Enter 
: and cooperation. We are par—- 
‘ ticularly happy with the ie Bodine’s 
‘ Minabine™ at Bodine far the 50th Anniversary 


Old Motor 
Treasure Hunt 


very special motors we re- 

quire. Bodine motors are of 
excellent quality, reflect- 
ing the finest workmanship 

and care in manufacture. 


=3e7P 92 


fractional 


wee 
— 


horsepower 


Mien . = 


ts 
= 


Nothing to buy or sell. 


Vo slogan or essay 





Agr gy, 


to write. Ten $50 first 


. prizes. Ten $10 second 
Be sure your motor is as good as your product. 


For information contact Bodine Electric Co., 
2256 W. Ohio St,. Chicago, III. rules. 


Mr. Harvey has some rather nice things to say ; 
prizes. Write today for 


about Bodine Fractional Horsepower Motors... 
see above. 
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porous opening where the catalyst 
speeds a chemical reaction between the 
metal oxides and the parent metal, 
forming a metal-to-metal bond which 
closes the opening. No baking is re- 
quired and the cycle lasts approxi- 
mately 20 min. 

A simple water rinse is required to 


Hot and Cold Water Pumping Systems 


SAID TO BE THE FIRST system of its kind 
ever built, a single compact electrical 
unit that will provide both hot and cold 
running water under pressure has been 
developed by Dayton Pump & Manufac- 
turing Co. Unit, pictured, consists of 
a 12-gal hot water heater (below), 
4-gal pressure tank for cold water at 
top and a shrouded centrifugal pump 
driven by a -hp capacitor-start motor. 
The unit was designed for small homes, 
resort cottages, trailers and filling sta- 
tions. Capacity ranges from 245 gal 
per hr with a 70-ft deep well up to 600 
gal per hr for a 5-ft shallow well. A 
convertible jet is provided for shallow 
and deep wells. 

Heater tank has a 1000-watt wrap- 
around resistance unit controlled by a 
manual switch (for turning off 
heater with pressure maintained in sys- 


snap 


tem) and a thermostat covering range 
from 120 F to 180 F. Thermal insula- 
tion is fiber glass and cover is finished 
in white baked enamel. 


E. A. WINKOWSKI 
GENERAL ELectric COMPANY 
Burlington, Vermont 


PPEPARING THE END of a shielded wire 
has long been a difficult problem in the 
assembly of electronic equipment. To 
process shielded wire, it is necessary 
to remove a portion of the shield from 
each end and also provide a means of 
grounding the shield. This was usually 
accomplished by withdrawing a length 
of conducting wire out of the shield, 
separating the braid at a point where 
the wire ended inside the shield, and 
then pulling the wire back through this 
hole. This leaves a short empty shield 
for use as a grounding pigtail. 

This method gave way to another 
because it was very often difficult to 
withdraw the wire from the shield, the 
grounding pigtail was limited in length 
and the operation was very slow. Two 
changes were made: The shield was 
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remove all excess sealer from the cast- 
ing following impregnation. The chemi- 
cal reaction between the metal oxides 
and the cast metal continues for 
months, increasing the strength of the 
bond in the process. 

A second method, known as internal 
impregnation, is preferred for sealing 
mass-produced castings because the 
operation can be set up as a regular 
production line sequence requiring less 





“Hotn-Cold” 


packaged jet 


Rapidayton 
water system. 





Nubbed Termination for Shielded Wire 


held tight a short distance from the end 
of the wire and the end portion of the 


shield pushed against this point. This 
caused the shield to form a raised ring 


the wire referred to as a 
This was trimmed off with 
a pair of diagonal cutters and the loose 
portion of the shield removed. A bare 
stranded wire was then wrapped around 
the end of the shield and soldered. In 


around 
“rosette.” 


this manner a grounding pigtail of any 
desired length could be provided, but 
the soldering operation was question- 
able. The insulation of the conducting 
wire was frequently charred or punc- 
tured by sharp ends of the shielding. 
Another approach was then tried. A 
ring of solder, referred to as a “‘nub- 
bing,” was cast around the shield and 


FIG. 1—Shielded wire terminated by the 
original method (top), an intermediate 
method, and the nubbing method. 





than a 30-sec cycle. All openings in 
the casting are closed off by means of 
plates or a fixture and the heated seal 
circulated under pressure within the 
casting for 30 sec or less. Sealing ac- 
tion is identical with that described for 
the autoclave (batch) method. This 
method can also be used to impregnate 
larger parts which do not lend them- 
selves to insertion in an autoclave. 


C) O O 


Pump motor cord, with pressure 
switch in the line is plugged into power 
side of manual switch in 115-volt single- 
phase line at tank body. 

Pump is assembled to motor flange 
through a mounting bracket. A _ fea- 
ture of the design is the use of a dual 
rubber gland seal that permits both 
inlet pipes to be slipped into the pump 
body and sealed with a pressure plate. 
Absence of threaded joints saves both as- 
sembly time and material. Brass inserts 
are supplied to strengthen plastic pipe 
against collapse under gland pressure. 

Air-cushion tank (4-gal) is made of 
galvanized steel as is the hot water tank. 
Pump outlet pipe returns to T just out- 
side bottom of hot water tank. Inside 
spout directed to base of tank mini- 
mizes mixing of cold water inlet with 
hot water in tank. 

The assembly is 42 in. high, but for 
under-sink installations, pump and pres- 
sure tank can be placed beside the 


( an = 


heating tank, .OO 
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adjustable 
speed line 


It pays to think first of the 

Louis Allis Co. whenever you're 
considering adjustable speed drives for 
your product or plant. Louis Allis 
builds all basic types. There’s no 
compromising — from this complete line 
you can select the unit that’s exactly 
suited to your job conditions and 


engineered for your application. 


For the simplest — and best 
— solution to any adjustable 
speed drive problem, call 
your nearby Louis Allis Sales 


Engineer, or write to us. 


THE LOUIS ALLIS CO. 
MILWAUKEE 7, WISCONSIN 


ASD-101 
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pigtail. This eliminated hand soldering 
and provided a smooth end. This was 
first accomplished by placing the shield 
with the pigtail attached into a split die 
into which a predetermined amount of 
molten solder was poured. While this 
was a crude method, it produced suit- 
able results. 

Drawings were obtained from Elec- 
tronics Park, Syracuse, of a similar 
machine which would dispense solder 
automatically from an electric melting 
pot positioned pneumatically 
operated dies. This machine was built 
and tried with gratifying results. It 
had a few bugs, such as the dies being 
difficult to manufacture and to change 
for different wire sizes; the melting pot 
needed frequent refilling and occasional 


above 


1000-G Lamps for Helicopter 


AN AIRCRAFT LAMP to withstand centrif- 
ugal forces of 1000 g has been devel- 
oped for use as an identification lamp 
for helicopters. The new lamp is a 
joint development of the lamp division 
of Westinghouse Electric Corporation 
and the Kaman Aircraft Corporation of 
Bloomfield, Conn. 

Because helicopters can fly in highly 
unconventional patterns, it is necessary 
to equip them with special identification 
lighting to distinguish them from more 
conventional aircraft types. Kaman 
Aircraft, working with the U. S. Navy 
Bureau of Aeronautics, has for some 
time been investigating a distinctive 
lighting system that will not only permit 
positive identification but will also make 
it possible for the helicopters to do 
formation flying by night. 

The most troublesome problem in 
the development was to obtain a lamp 
capable of reasonable life when ex- 
posed to the high centrifugal 
existing at the blade tips. These forces. 


forces 


which exceed 700 g under normal con- 
ditions, reach 1000 g at higher speeds. 
Exhaustive tests on a series of designs 
resulted in a lamp with closely spaced, 
rigidly supported filament wires. To 


solder leaks developed due to wear be 
tween the pot and the dies. 

The unit, Fig. 2, was redesigned with 
a larger capacity melting pot, reducing 
frequency of refilling. It is free to slide 
vertically on two rods and is spring 
loaded to compensate for thus 
eliminating solder leaks. The dies and 
die mounting fixtures were modified to 
simplify their manufacture and change. 
Guards were added for the safety and 
convenience of the operator. 


wear, 


In use the operator attaches a pig- 
tail wire with a simple twist to the end 
of the shield and places both into one- 
half of the die. Actually a foot valve 
causes an air cylinder to close the die 
and draw it under the melting pot. 
Here, through a hole in the die, solder 
flows around the shield and the pigtail. 
forming a nubbing. 
valve opens the die. 


Releasing the foot 





helicopter 
blade tips, this lamp can withstand cen- 
trifugal forces of 1000 g. 


installation in 


Designed for 


light 
lamp is 


provide the high intensity re- 
made with two 


tightly coiled filaments in series. The 


quired, the 


Transistorized Radio for Chrysler 


THE FIRST COMPLETELY transistorized 
automobile radio, which will be special 
equipment on Chrysler and Imperial 
lines of cars this fall, was designed by 
Philco Corporation. Production of the 
auto radio in which eleven transistors 
replace all electron tubes will start as 
soon as tooling has been completed at 
the Philco plant in Sandusky, Ohio. 
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The new set will employ the surface- 
barrier transistor whose ruggedness and 
high sensitivity as compared with other 
types make it adaptable to auto use. 
This radio requires less than one-tenth 
of the battery power used by standard 
radios. Even with the motor 
turned off, the battery drain is so small 
as to permit operation for more than 


auto 





FIG. 2 


Nubbing machine used for cast- 
ing solder around shield and lead wire, 
Air cylinder closes split die and draws 
unit under solder pot. 


Requirements vary for each assembly, 
but an operator can process from 100 to 
150 shielded wires with a nubbing and 
pigtail on each end in an hour whereas 
originally. 30 completed wires was con- 


sidered good production. 


Identification 


lamp itself produces about 35 candle- 
power, but reflectors in the blade tips 
increase the light output approximately 
nine times. 

The lamp operates at 12 volts and is 
supplied from the helicopter’s 28-volt 
electrical system through a resistance 
cable inside the blade that drops the 
voltage to the required level. Power is 
brought in through silver slip-rings and 
brushes at the hub. 

Experimental work has been done on 
switching green and red lights in the 
blade-tips to create green ares on the 
right side of the helicopter and red ares 
on the left. 
any change in the plane’s flight path 


This color system makes 
discernible to pilots of ap- 
proaching aircraft. A helicopter can 
back up and fly sideways, so it is vital 


readily 


to air safety that its movements be cor- 
rectly interpreted. 

Helicopters equipped with blade-tip 
lights are easily identified as far away 
as five miles, even against a background 
of city 
lights on the blades will continue to 


lights. Helicopters that use 
have green and red lights on the fuse- 
lage to ensure proper identification of 


CY ) 


the plane. 


100 hr. Reduction in size will be ac- 
complished not only by the use of tran- 
sistors, but also by the elimination of the 
vibrator converter, power transformer 
and rectifier. The new radio will be 
equipped with a “search tuner” which 
automatically brings in the 


strong radio signal. 900 


nearest 
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and Materials 





TAPER PIN CONNECTOR ELIMINATES TERMINAL SCREWS, SOLDERING 


Meeting needs of miniaturized electrical 
and electronic equipment for a minia- 
ture connector for wires and cables, the 
Taper Pin connector is but a little 
larger in diameter than the wire to 
which it is attached. Designed specif- 
ically for aircraft applications, the con- 
nector utilizes the same principle used 
in taper pins. Taper pins when driven 
into mating tapered holes, are self- 
locking by friction by the extremely 
high contact pressure resulting from the 
wedging action 

The Taper Pin connector is driven 
into its tapered receptacle hole by a 
special tool similar to a spring-loaded 
center punch, but with a head designed 
to fit the connector pin. When it is 
properly driven into the receptacle. a 
strong mechanical connection is made. 
as well as a low-resistance electrical 
connection. Force required to pull a 
miniature Taper Pin connector (for 
AWG wire sizes 24 to 16) from its 
receptacle averages 19.6 lb. It is gen- 
erally accepted that a removal force of 
10 Ib is adequate. 

Voltage drop across the connector 
with a current of 20 amp was measured 
to be 16.6 millivolts average for a num- 
ber of connectors. Extended tests indi- 
cate that the mechanical and electrical 
qualities of new connector improve after 
exposure to all kinds of environmental 
conditions. It is believed that this is 
due to diffusion forces between the ad- 
jacent surfaces of metal forced into 
intimate contact. 





The same taper technique has been 
applied to Taper Tips designed for solid 
and stranded wire terminations into 
printed circuit boards. They are readily 
crimped to leads of resistors, capacitors 
and other electronic components. The 
Taper Tip holds the wire lead solidly 
in place during assembly and dip sol- 
dering operations. It also enables com- 
ponents to be spaced away from the 
printed wiring board. The square shape 
of the tips facilitates the flow of solder 





through and around the connection. 
Aircraft-Marine Products Inc., 2100 
Paxton St., Harrisburg, Pa. 

Circle No. 1, Reader Inquiry Facility, page 231 


HIGH-SPEED SWITCH FEATURES INSTANTANEOUS CUT-IN, CUT-OUT CHARACTERISTICS 


Test show that new high-speed Synchro- 
Snap rotary switch provides instantane- 
ous cut-in or cut-out characteristics. Its 
design results in a non-fluttering, snap 
action. 

Illustrated is a section of a test chart 
tracing characteristics of a switch cali- 
brated to cut out at 7400 rpm; snap- 
type switching action was completed 
within 3 rpm of the shaft to which the 
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switch was attached. 

The switches are particularly suit- 
able as a safety device on series-wound 
motors, turbines, rotary converters, and 
similar equipment. They operate on a 
special, virtually frictionless principle, 
requiring a decreasing amount of force 
for actuation as the critical speed is 
approached. At the same time, centrif- 
ugal force increases by the square of 


the speed of the shaft. As a result, an 
almost instantaneous action at the pre- 
determined cut-in or cut-out speed re- 
sults. 

Synchro-Snap rotary switches can be 
used as an overspeed or underspeed 
limit control, or in pairs to limit high 
as well as low speeds for a single 
application. Switches detect rotational 
speed alone, regardless of voltage or 
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To the man who 
is responsible 
for precision 
production... 


this 


brochure Ve 
provides 
important 
information 


Write for 
your copy 
NOW! 


Filled from cover to cover with the 
newest developments in today’s 
advanced machine tool engineer- 
ing — the versatility of operation 
in engineering and building for 
America’s largest manufacturers. 
Yes, this brochure belongs on your 
desk for current 
future planning. 
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load. They are presently furnished for 
any speed to 13,000 rpm. In addition, 
packaged speed control devices can be 


furnished to specifications in open, 
closed, or explosion-proof housings. 


Production models possess a minimum 
life of one million cycles, without vari- 
ance in operating characteristics. Torq 
Engineered Products, Inc., 34 Interstate 
St., Bedford, Ohio. 

Circle Oe. 2, Reader inquiry Focility, page 231 


CAPACITOR-TYPE INDUCTION 
MOTOR HAS INTEGRAL GEAR 
BOX 


Fast-starting, capacitor-type induction 
motor is designed for use on industrial 
equipment where small size, high start- 
ing torque and built-in precision gear 
reduction are essential. Outside dimen- 
sions are: length, 54% in.; width, 4% 
ia. Weight is 21 oz. It may be mounted 
in any position, when equipped with 


lubrication seals, by three mounting 
holes capable of receiving spring 


mountings. 

Featuring a squirrel cage rotor and 
designed fast starting, the motor 
operates on 115 volts, single phase, 60 
cycles, with a worm gear reduction de- 
veloping an output torque of 10 in.-oz 
at 334% rpm. At this load, it draws 
0.140 amp and 16 watts. At maximum 
load of 40 in.-oz, speed is 28 rpm. 
Starting torque is 18 in.-oz. Motor alone 
gives 1% in.-oz at 1700 


in.-oz at 1400 rpm. 


for 


rpm 


and 1%4 





Field and rotor are mounted in a die- 
cast aluminum frame of which the gear 
box is an integral part. Two porous 
bronze felt oil 
reservoirs at end of 
the rotor. Single-thread worm on the 


with 


one 


bearings 
located 


sleeve 


are 






portion of the rotor shaft between the 
two bearings, meshes with a 51-tooth 


helical gear of linen-base phenolic. 
This gear is assembled to an output 


shaft running in a single, porous bronze 
sleeve bearing. 

The output shaft rotates clockwise 
and has a left hand, 14-32 female thread 
for coupling to the load. Both shafts 
have a spherical contour on their thrust 
ends running against fiber disks. The 
four-pole distributed winding, the 
skewed and the very small air 
gap increase efhiciency. 

Worm and helical gears give to the 
output shaft the constant speed and 
flutter-free characteristics essential to 
sound recording and other precision 
equipment. Gears are sealed in silicone 
lubricant. 


rotor 


Motor is also made for 
cycle operation and for 22 rpm at 60 
cycles. Also available is a flexible, 
double-membrane type of coupling pro- 
viding a viscous type of filtering. The 
SoundScriber Corp., 146 Munson St., 
New Haven 9, Conn. 

No. 3, Reader Inquiry ty ye 23) 
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AIR-LINE LUBRICATOR 


In new air-line lubricator, the Airliner, 
oil is atomized in a chamber remote 
from the air line. Oil mist only is in- 
jected into the air stream in precisely 
metered fine particles; heavier particles 


fall back into the oil reservoir. This 





constant lubrication 
throughout the entire operational pe- 


mist 


provides 


riod. In contrast, conventional air-line 
lubricators inject actual drops of oil 
into the air stream, resulting in varying 
densities of oil in the oil line, causing 
undesirable effects. 

Additional feature is the in 
monitoring provided by the transparent 
dome of the mist generator. Also, the 
ability of the device to lubricate any 


ease 
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Enjay Butyl Cuts Cable Costs 


The rapidly expanding use of Enjay Buty! 
in underground cable insulation is still 
another example of how it cuts costs... 
and does a better job. 

Enjay Butyl high voltage compounds 
have extraordinary resistance to ozone and 
corona. They show high insulation resist- 
ance, are very stable to temperature 
change, and have power factor and dielec- 
tric properties which are superior to other 
insulation materials. Exceptional low- 
temperature flexibility, excellent resist- 
ance to heat and aging, and resistance to 


moisture absorption and abrasion are still 
further benefits. 

Enjay Butyl offers three outstanding 
features: excellent electrical properties, a 
definite price advantage, and immediate 
availability. They may well help you in 
cutting costs and increasing the perform- 
ance of your product. Get all the data on 
this extremely versatile, low cost rubber 
by contacting the Enjay Company 
today. Take advantage of our complete 
laboratory facilities and skilled technical 
assistance. 


ENJAY COMPANY, INC., 15 West 51st St., New York 19, N.Y. 


District Office: 11 South Portage Path, Akron 3, Ohio 


35 SUCCESSFUL YEARS OF LEADERSHIP 
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IN SERVING 


BUTYL 


Enjay Butyl is the super-durable 
rubber with outstanding resistance to 
aging + abrasion ¢ tear « chipping 
¢ cracking * ozone and corona « 
chemicals « gases « heat «+ cold 
¢ sunlight + moisture. 


INDUSTRY 
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BRUSHES 
CONTAGTS 
OLIP RINGS 


& Slip Ring Assemblies 


BRUSH HOLDERS, CONTACT ASSEMBLIES, 
BRUSH ASSEMBLIES 


o 
eZ T 9 Or, 


USED EXTENSIVELY IN: 


SERVOS * GUN-FIRE CONTROLS 
TELEMETERING - ROTATING 
THERMOCOUPLE and STRAIN 
GAGE CIRCUITS - ROTATING 
JOINTS - DYNAMOTORS 


Wide range of grades available for standard 
and special applications. Call on our 40 years of 
design experience to help solve your problems. 


OTHER GRAPHALLOY 
PRODUCTS: Unigue. (ei 


free) self-lubricating ings 
and Bearings (applicable — 450° 
to +700°F.; with expansion co- 
efficient half that of steel will not 
seize shaft at low temperature); 
Oil-free Piston Rings, Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 


GRAPHITE METALLIZING CORPORATION 


1059 Nepperhan Ave. > YONKERS, NEW YORK 
0 Please send dete on Grephelicy BRUSHES end CONTACTS. 
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volume of air from 34 cu ft up to capa- 
city; it does not require near-capacity 
air-flow before lubrication starts. The 
Airliner provides absolute lubrication 
regardless of cycle frequency; _ its 
operation is said to result in a smaller 
drop in air line pressure than that of 
comparable conventional lubricators. 
It is adaptable to right- or left-hand 
mounting, without modification. Gits 
Brothers Manufacturing Co., 1866 S. 
Kilbourne Ave., Chicago 23, Ill. 
le No. 4, Reader Inquiry Facilit 
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CONNECTORS FOR 
PRINTED CIRCUITS 


Five connectors for printed circuits 
have 10, 18, 22, 28 or 44 contacts. Shell 
material is molded Zytel nylon, with 
gold-plated phosphor-bronze or beryl- 
lium-copper contacts. Sizes with 10, 18 
and 22 contacts have a flashover rating 





of 2000 volts, 60 cps a-c (rms), at sea 
level; sizes 28 and 44 have a flashover 
rating of 2500 volts, 60 cps a-c (rms) 
at sea level. 

Polarization is accomplished by de- 
leting one or more contacts, and insert- 
ing a blanking stud in the vacant cav- 
ity. Four connector types have single 
contact 


rows; one has double contact 


rows. Rivet-and-eyelet type terminals 
are available. Cannon Electric Co., 
3209 Humboldt St.. Los Angeles 31, 
Calif. 
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AXIAL FLOW BLOWERS 


Axial flow blowers, originally developed 
in England, are now being manufac- 
tured here in standard sizes at rated 
capacities from 16 cfm to 750 cfm. Self- 
contained — units, 


they incorporate a 


- 





P| 


rotor coupled to a Pesco electric motor, 
(d-c or a-c) for precise control of air 
volumes. 

Smallest is a miniaturized 1-%¢-in.- 
diam blower that weighs 8 oz and de- 
livers 16 cfm at 0.75 in. pressure weg. 


The motor which fits inside this as. 
sembly is less than | in. in diam. Other 
standard production units vary up to 
6 in. in diam and will be available as 
single or multi-stage blowers. Larger 
units are also planned. 

Intended for rugged duty in indus- 
trial, aircraft and other applications, 
blowers withstand severe conditions of 
shock, temperature, pressure, altitude, 
humidity and duty Electric 
motors, which are mounted in the inner 
housing, are of aircraft quality. Either 
totally explosion-proof 
motors can be furnished. Other features 


cycle. 


enclosed — or 


include: optional flange or clip mount- 
ing arrangement; treatment against all 
climatic conditions and _ all-position 
operation. Also, low-temperature grease 
used in sealed high-precision bearings 
for reliable high-altitude operation, 
light alloy metal construction; and a 
streamlined fairing over back end of 
motor. Borg-Warner Corp.. Pesco Prod- 
ucts Div., 24700 North Miles Rd., Bed- 
ford, Ohio. 
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AUTOMATIC CARD 
TRANSLATOR 


Rapid plotting of computed points on 
an automatic basis is made possible by 
a card translator unit 
cifically for use with the Model 2 flat- 
bed Moseley Autograf recorder. 
Operating in conjunction with an 


IBM card handling machine, the Model 


30A Card Translator automatically con- 


designed spe- 


verts IBM output pulses to analog volt- 





ages suitable for energizing the re- 
corder. Plugging directly into the 


recorder, the Card Translator contains 
all the relay matrices and control ap- 
paratus necessary to control the card 
reader and 
automatic operation. 

Specifications include: input, IBM 
523 Summary Punch, or equivalent; 
speed, 50 cards per min, max; and 
plotting scale factors, 10, 20, 50, 100, 
or 200 counts per in. (Non-standard 
scale factors within the above ranges 
may be obtained through use of calibra- 
tion controls). Accuracy is + 0.10 per 
cent of full scale. Dimensions: standard 
19 in. relay rack, 1214 in. panel width, 
111% in. deep. Power supply required: 


recorder for completely 
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ACTUATION METHOD! 


Saginaw ball/bearing Screws assure precision 











positioning with minimum power, size and cost 
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WHAT IT IS AND 


Let's start at the begin- 
ning, with the familiar 
principle that there's far 
less friction in rolling 
than in sliding. By ap- 
plying this principle, 


the Safety hall/bearing 
Screw radically increases 
the efficiency of rotary- 
to-linear motion (and 
vice versa). Instead of 
sliding, mating surfaces 
glide on rolling steel balls. 


TREMENDOUS ADVANTAGES 


Conventional Acme screw’s efficiency 
is less than 25°); Safety ball/bearing 
Screw’s ranges from 90 to 95%! Com- 
bined with electric, hydraulic or pneu- 
matic power source, it forms an actuator 
with unprecedented capabilities, that: 


SAVES POWER — Safety b/b Screw requires 
only 1/3 as much torque for same lineal output 
as conventional Aeme screw. With far lower 
static break-away, it operates with much less 
starting and driving power. This permits the 
use of much smaller motors with less load on 
the electrical system. 


SAVES SPACE— Permits use of smaller motors 


and gear boxes; eliminates pumps, accumula- 
tors, piping, ete. 


UNITS HAVE BEEN BUILT FROM 
11, INCHES TO 391, FEET LONG 
Every Safety b/b Screw is individually 
engineered for its particular application. 
Our engineers are eager to help solve 
your actuator problems now. 


MAIL COUPON TODAY FOR 

YOUR ENGINEERING DATA BOOK 
(or see our section in Sweet's 

Product Design File) 





# 
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HOW IT WORKS 


Like stripes on a barber 
pole, the balls travel to- 
ward end of nut through 
spiral “tunnel” formed by 
concave threads in both 
screw and mating nut. 





At end of trip, one or 
more tubular guides lead 
balls diagonally back 
across outside of nut to 
starting point, forming 
closed circuit through 
which balls recirculate. 








ASSURES POSITIVE POSITIONING — per- 
mits precision control within thousandths of an 
inch, plus perfect synchronization, 


INCREASES DEPENDABILIT Y—offers 
longer life and added security of exclusive 
multiple circuits, plus greatly decreased dirt sen- 
sitivity of special “Gothic arch”’-shaped races. 


REDUCES PART AND INSTALLATION 
COSTS—a«avings in weight, motor size, power 
and auxiliary equipment cut cost, too. 


Saginaw Steering Gear Div. 
General Motors Corp. 

Dept, 11M, Saginaw, Michigan 
Please send your Engineering Data Book to: 
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RESISTANCE 








USE 


ABBOTT BALLS 


When the ability to “take 
it’ is a factor in the selec- 
tion of bearing balls, be 
sure to ask for Abbott — 
‘‘the ball with the 
Armored Heart’. 


Cold forged from 
selected carbon steel 
wire, every Abbott Ball is 
DEEP HARDENED and 
TEMPERED. This gives it 
extra stamina to per- 
form efficiently under 
high load factors and 
withstand jarring shocks. 


Abbott Balls are unsur- 
passed for sphericity, 
size tolerance and other 
essentials of fine carbon 
steel bearing balls. 


Specify Abbott ... you 
can’t ask for a better ball. 


The 
ABBOTT 


BALL CO. 


60 Railroad Place 
Hartford 10, Conn. 
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115 volts, 60 cps, 150 watts. F. L. 
Moseley Co., 409 N. Fair Oaks Ave., 
Pasadena 3, Calif. 
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HERMETIC METAL 
FILM RESISTORS 


Metal film resistors, Davohm Series 850, 
are now available with the following in- 
creased maximum values: for Type 850, 
14 watt, 1.2 megohms; for Type 851, 1 
watt, 2.2 megohms; and for Type 852, 
2 watts. 3.0 megohms. 

Resistors are hermetically sealed and 
feature stability, temperature  coeffi- 
cient independent of resistance value, 
and a very low reactive component of 


impedance. Performance  character- 


== 


istics are said to exceed requirements 
of MIL-R-10509A. Accuracies to + 1] 
per cent, = ly, per cent and + 14 per 
cent are possible in production quan- 
tities. 

Type 850 is available in design varia- 
tions for special applications. Series 
850-N can be obtained in non-spiraled 
construction in ratings up to 500 ohms. 
These units can be used in high-fre- 
quency applications at up to 250 
me. For high-temperature applications, 
Series 850-T is available for 150 C. 
The Daven Electronic Sales Corp., 191 
Central Ave., Newark 4, N.J. 
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CADMIUM-SULFIDE 
PHOTOCONDUCTIVE CELL 


Midget cadmium-sulfide photoconduc- 
tive cell of the head-on type features 
high luminous sensitivity, very low 


dark current. extremely low background 





noise, and signal output which is di- 
rectly proportional to the incident light 
intensity. Characteristics of the cell, 
Type 6694, are not substantially affect- 
ed by wide change in its operating 
temperature. 

Because of its tiny size and high sen- 
sitivity, the 6694 is especially useful 
in those light applications where a 


small photosensitive device is 
desired, including light-controlled relay 
and computer applications, as well as 
in light meters for measuring the bright. 
ness of small luminous spots. Also, in 
X-ray intensity measurements. 
Spectral response of the photocon- 
ductive cell 


single 


covers the visible range 


from about 3500 to 5500 angstroms, 
Maximum response occurs at about 


5000 angstroms. The 6694 has a maxi- 
mum seated length of 0.190 in.; a 
maximum width of 0.340 in.; a maxi- 
mum depth of 0.185 in.; and a mini- 
mum _ photosensitive area of 0.020 
in.x0.018 in. Radio Corporation of 
America, Tube Div., Bldg 17-3, Harri- 
son, N.J. 
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AIRCRAFT OIL-HYDRAULIC 
RELIEF VALVE 


Relief valve having a thermal venting 
feature is now available for 
oil-hydraulic systems. It 


aircraft 
provides a 
means for controlling maximum system 
oil temperature as well as maximum 
system pressure. Designated Series EA 
50004, the lightweight unit is basically 
a 3000 psi relief valve with an integral 
temperature control element that pre- 
vents fluid in the working circuit from 
exceeding a maximum safe operating 
temperature of 270 F. 

The temperature control element, im- 
mersed in the hydraulic fluid, reacts to 
a 270 F temperature to unseat a poppet 
which vents the relief valve. Venting 
action causes the relief valve to open at 





a much lower pressure than its reliet 
setting. With the relief valve vented. 
pump delivery is unloaded freely back 
to the reservoir at very low pressure, 
allowing the oil to cool. When fluid 
temperature drops to 230 F, the thermal 
sensing element closes the relief valve’s 
vent passage, and normal system opera- 
tion is resumed. 

Series EA 50004 valve is available for 
use with 14-in. tubing. Full flow rating 
is 22 gpm at 3700 psi. Relief pressure 
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60% more protection 
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i. | at no extra cost eee 
BH Vinyl-Sil 8000 Fiberglas Sleeving 
| 
When it comes to product protection, you're not 
interested in what a sleeving might do, you want to 

know what it wz// do. 

ng BH Vinyl-Sil 8000 Fiberglas Sleeving has a tested 

ft rating of 8,000 volts minimum dielectric breakdown 

- — 3,000 volts over the NEMA standard for Grade 

— B-A-1. Here is a tremendous product safety margin at 

= a cost no more than that of previously available sleev- 

A ings with far lower ratings. 

ly In insulations, the only thing you can really count on 

al is the minimum dielectric breakdown. BH Viny]l-Sil 

re- 8000 offers that positive protection. It has other 

one advantages too... 

™ high heat-aging resistance 

m- high flow resistance 

to high oil and chemical resistance 

et high abrasion resistance 

ng 


high cut-thru resistance 
excellent low temperature flexibility 
no capillary attraction to water 


at : 


BH Vinyl-Sil 8000 was deliberately made to rate 
above requirements for two reasons. First, to supply 
emergency protection for unexpected loads. Second, to 
save on inventories by providing a sleeving for a wider 
range of applications than ever before possible. Data 
sheets and samples are yours for the asking. Write for 
them, then make your own tests. 


BENTLEY, HARRIS MANUFACTURING Co. 1208 Barclay Street 
CONSHOHOCKEN, PA. Telephone: Conshohocken 6-0634 


BENTLEY, HARRIS 
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uid *BH Non-Fraying Fiberglas Sleevings are“’made by an _ exclusive 
we Bentley, Harris process (U.S. Pat. Nos. 2393530; 2647296 and 
na 2647288). ‘'Fiberglas” is Reg. TM of Owens-Corning Fiberglas Corp. 
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ATLAS 1 


nationally famous products 





ATLAS TOOL and MFG. CO. 


called us in to help develop a 
“leader” for their fan line. A 
Scruggs 6-Pole shaded pole motor 
was designed for the ATLAS-AIRE 
20-in. 2-speed exhaust fan. It 
meets all requirements for quiet 
operation, long life and price. 


Take a tip from ATLAS 


and other smart manufacturers 
who develop better products at 
lower cost with this valuable 
Scruggs service: Tell us your 
needs; a Scruggs motor will be 
tailored to your specs. Write 
Loyd Scruggs Co., Festus, Mo. 


You can stake your reputation on SCRUGGS MOTORS 


THE 
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MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 


yd orig g 2 COMPANY 


FESTUS, MISSOURI 





and temperature settings can be pro- 


vided to meet desired specification, 
Vickers Inc., 115 Oakman Blvd.. De- 
troit 32, Mich. 

rcle No. 10, Reader 2 


CLIP-TYPE SELENIUM 
RECTIFIER 


Snap-in-type selenium rectifier featur- 
ing a clip-in arrangement was devel- 
oped by manufacturer in conjunction 
with Tinnerman Products Corp., Cleve- 
land. Designated the Qui-Klip, rectifier 
does not require tools or sockets for 
installation. To mount the rectifier, only 





two round holes, approximately “16 in. [ 
in diam and “4 in, apart, are required : 
in the chassis. | 

Solderless connectors are available 
to. the 


can he 


making electrical contact 
stack 


squeezing 


lor 


rectifier. Rectifier re- 


moved by prongs of clip 


the 
available in 


together and removing solderless 


connectors. Rectifier is 
stacks ranging from | to 2 in. sq plates. 


Clip-in arrangement will also be avail- 


able on eyelet-type rectifiers. Semi- 
Conductor Div., Radio Receptor Co.. 
Inc., 251 West 19 St.. New York 11. 
N.Y. 

No. 11, 


ROTARY LATCH 


Need for a durable fastener for use on 


hinged or removable parts, such as 


inspection doors. access panels, covers. 


electrical control 


panels, and = ma- 
" a Ne 
i lin S 
| yw - = 
-- 
a mCHOR 1.0 


chinery doors, is satisfied by the Pane- 
Rotary Latch. Made of 


cadmium plated, the rotary latch con- | 


| loc steel, 


sists of four parts: latch-screw, shim 
plate, block and latch-nut. 


Entire latch is assembled on the access 


anchor 


_ panel only, which eliminates several of 
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Time-saver, space-saver, money-saver 
.»eFinnerman tubular SPEED CLIP"! 


in time, 34% in cost, assembling 
f ' 


Tubular SPEED C.uIps save 51% 


’ ‘ ‘ ‘ Drive-In auto speakers. 
Here’s how the General Electric Company is keeping costs 


i] 
6o0 and space requirements low on its G-E oiltight Indicating Lights. 
P 6 @ @ They use Tinnerman tubular-type SPEED CLIps to assemble 
11 © Ss © | the resistor to its support. This one-piece, spring-steel fastener 
reduces assembly time, material costs, parts handling and 
inventory by eliminating a long bolt, centering washer, lock washer and nut. 
It also reduces the dimension across the resistor support and saves valuable 
space when the lights are used close to pushbuttons and other components. Pekedes Getae Hote ence Gok 


A wide variety of types and sizes of tubular-type SPEED CLIPs are used poops: tt nie dallas 
on everything from toys to autos—on metal, plastic or wood. They snap into 
punched or molded holes by hand; are self-retained in stud-receiving position. 
SpEED Cups are also ideal for blind attachments where only one side of an 
assembly is accessible. 
Possibly Tinnerman SpeeEpD Nut brand fasteners can help you improve your 
present fastening methods. See your Tinnerman representative soon and write 
for your copy of “Sprep Nut Savings Stories’’. 
TINNERMAN PRODUCTS, INC. « BOX 6688, DEPT. 12, CLEVELAND 1, OHIO che atin Sate eal seen 
Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aero- 


’ . : . . on jet-convector heater. 
cessories, Limited, Treforest, Wales. France: Aerocessoires Simmonds, S. A., 7 rue Henri 
Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH ‘‘MECANO”, Lemgo-i-Lippe. 


TINNERMAN 


£ 
N FASTENINGS 
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the operations required to __ instal} | 


fasteners requiring a female portion, 
Operating with a quarter turn, tastenar| 
cuts down on removal time of panels, | 
doors and covers. Three standard size; 


are currently available, with more 
be added. Scovill Manufacturing (Co, 
Waterbury 20, Conn 


COIL FORM SERVICE 
Available... 






QUICK EXHAUST VALVE 


Structural and operational refinements 
embodied in a Quick Exhaust valve jp. 
| clude automatic opening of an over. | 
| sized exhaust upon the reversal of the | 
main operating valve to permit almog | 
instant discharge of exhaust at the | 


i 
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eet 
OTe BS 


eB 





















— 1 cylinder. Valve is available in four 
Ae — - ‘Bae | models with pipe sizes of 3g, 1, 34, and | 
SQUARE AND RECTANGULAR TUBES SERVICE 1 in.; pressure rating is 125 psig; max | 
| j 

Produced in any length, shape or size from 1%" to | imum recommended operating tempera | 
8”, wall thickness from .010 to .125. Fabricated eS ture is 175 F. Valve may be used with | 
from dielectric kraft, fish paper, quinterra or com- SERVICE higher or lower pressures and for other 


binations, including mylar. Bowed sidewall or 
Di-Formed construction. 


ROUND TUBES 


Produced in any decimal size up to 8” I. D. Fabricated 
from kraft, fish paper, cellulose acetate, mylar, polysty- 
rene, quinterra, fibre glass and other dielectric materials. 


RESINITE COIL FORMS 


These coil forms have the highest resistivity of any res- 
inated product. Furnished plain, embossed, internally 
threaded or triangular shape... also flyback trans- 
former forms. 


BOBBINS 


Supplied round, square or rectangular. Cores fabricated 
from any of the above materials. Metal, asbestos, plastic 
or fibre flanges. Constructed to fit smaller spaces and 
permit multiple winding. 


MANDRIL SERVICE 


’ Accurately ground steel and aluminum coil mandrils at 
cost economy comparable to commonly used undepend- 
able wood or undersized steel mandrils. 


FABRICATING SERVICE 


We have modern high speed equipment to provide you 
with any special shape or form .. . rolled, spun, flared, 
punched or formed to your particular requirement. 


than air. Ross Operating Valve Co. 
East Golden Gate, Detroit 3, Mich. 
rcle No. 13, Reader ry Facility, page 


MAGNETIC COUNTER ADDS 
AND SUBTRACTS 


Flip the switch up, and the counter 
adds. Flip it down, and the counter sub- 
tracts. Two-way countability makes 
Series 1520 counter useful in control 
applications. Counter has two coils and 
actuating means. Coils for 24, 48, 110, 





and 220 volts a-c or d-c are available. 
General-purpose plastics wheels, with! 
° ° te | 

Ask about Precision’s complete coil form service. 0.188-in.-high black figures on whit} 


Request informative bulletin. background are used. 


Tentative data indicates speeds up w | 
700 counts per min, and __ possibly 


PRECISION PAPER TUBE COMPANY higher, can be provided. Counter maj 


2035 West Charleston Street, Chicago 44, Illinois be actuated by any type of switch, 
Plant No. 2: 79 Chapel Street, Hartford, Conn. | relay, or photoelectric unit, either ™ 

4 : | add or to subtract, depending on which | 
| coil is energized. Approximate dimer 


Representatives throughout United States and Canada 
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White bor your own Z now additions 
to Encyclopedia Hommstion theyre, Frov! 


Hermetic Catalogs Now Available 
other | : On Vac-Tite* Compression Plugs (No. 300) 


— 

s. 

> 
eee 









om : And Single Terminal Feed-Thru’s And Stand-Offs (No. 400) 
C . . 
ge . Hermetic’s two new catalogs are so handy as desk-top 
° references that they’ll drive any engineer who hasn’t requested 
° or received his copies to “Catalog Snatching”! 
DS . These two latest additions to Encyclopedia Hermetica, a continuing 
: catalog series that has become industry’s most helpful source 
ounter : of design and purchasing data, provide every significant innovation 
a ak ea in hermetically sealed plugs, feed-thru’s and stand-offs. 
akes Site 
ae You'll find these two new catalogs indispensable and so easy 
—— to use that you'll be able to locate and identify the preferred type 
9 110 needed by its Hermetic part number in second’s time. You’d 


better guard them well against the “Catalog Snatcher” because 
they contain the most complete line of plugs, stand-offs 
and feed-thru’s ever offered! 


*VAC-TITE is Hermetic’s new vacuum-proof, 
compression construction, glass-to-metal seal. 


Write, for your copies today! Also, request Vac-Tite* 
Compression Multi-Headers Catalog No. 200, MS Series. 


ailable. . 5 om. 
a Hermetic Seal SS 
white : Seeeneeeeeeeeeeeeeeeeeeeeeeaeeee ee \ eeeeee 
Products Company wy? Ale 
. ve ern 
a 43 South 6th Street, Newark 7, New Jersey 
switel, se 
ther Visit us at the Wescon Show... Booth 1101. 
1 which | 
dimen: | FIRST AND FOREMOST IN MINIATURIZATION 
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sions are: 444 in. long, 234 in. wide | 
and 3 in. high. Available with three | 
four, five, or six figures, reset, or nop. 
reset. Veeder Root Inc., 20 Sargeant 
St., Hartford 2, Conn. 
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SMALL PANEL INSTRUMENTS 
WITH LONG DIAL ARC = 


Design of Medalist meters permits uh — 

to 50 per cent more scale length jy | 

the same space as conventional round 

or square faced meters. Available jp 

| 2% in. and 3% in. sizes. they meet | 
Th 
frat 
aa = rect 
Oh gaily, Oy :— 
ww "if, has 
the 
req 


Th 













* ECONOMICAL 
* EASY TO INSTALL 
* VARIETY OF 
LEAD ARRANGEMENTS 
AND POSITIONS 






ty 
ty, 
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milliamperes 


DIRECT CURRENT 





er 68. uae 


mo 





standard ASA/JAN) dimensional re. 
quirements. The longer dial arc, larger | 


numerals and longer pointer allow the | per 

© RELIABLE small meter a a larger — ins 

Meters are available in various colors.) pay 

* RUGGED Marion Electrical Instrument Co., Man-| mo 

* AVAILABLE IN VARIETY chester, N.H. inc 
Circle No..15, R 

OF TEMPERATURE . a 

N on 
enn _——oO DOUBLE ENVELOPING WORM — 
GEAR SHAFT REDUCER 

° : 
EXCEED REQUIREMENTS Maximum capacity of 3-'% in. center spe 
FOR JAN-C-81 distance double-enveloping worm gear No 
speed reducers is 13 hp. It is available a 

as a standard extended-shaft unit, pa 

shaft-mounted unit, or in motorized wit 

versions of either of these types. All clo 

models are available with worm over ot tra 








3 ste 

ERIE Style 557 Trimmer is ie > ter 
manufactured for Military ; | ae <8 
use and is widely used in | “a 
Test Equipment and other = | ba 
Industrial Applications. It — er | TI 
can be Compactly Mount- ET Gg arc 
ed in Multiple Groups on : 
practically any desired loa 
Phenolic Base Design. | an 
Shown here are typical examples of Single and | See 5 ge 
. A c under, or gear shaft vertical. Taper} ¢, 
Multiple Space Saving Assemblies. | roller bearings are used throughout. rc 
Write for a copy of the new Erie Trimmer catalog en “— . 

that of conventional cylindrical worm lir 

ERIE ERIE ELECTRONICS DIVISION gear reducers of equal capacity. It also in 

-- : ERIE RESISTOR CORPORATION places 1% of all gear teeth in full-depth, ty) 
PLEO eM a continuous area contact at all times. th 
ES SR 8 aOR Age: A All models of the 3-% in. center} i 

2 distance reducer are available in ratios Pr 
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Quick facts for those who apply and specify electric motors 





Rerated Motors: Both smaller ...and better! 


The compactness of the NEMA-rerated 
frame sizes has been enthusiastically 
received by designers generally. This 
new, smaller, cooler, and lighter motor 
has been designed especially to meet 
the new demands in modern machine 
requirements. 


The problems of restricted space are 
more easily solved, together with easier 
installation in 
hard - to- get-at 
places. Han- 
dling is easier. 
Freight costs 
are reduced. 


Howell's years 
of design ex- 
perience, plus the scientific advances in 
insulation and other vital materials, 
have resulted in the new Series 100 
motors, often described as “the best 
industrial motor on the market!” 


The resulting Series 100 motors are not 
only smaller and lighter than their 
horsepower equivalents in the old 
frame sizes, but run cooler and allow 
Howell engineers more leeway to meet 
special requirements. 


Note and compare the features of these 
new motors. Three points for com- 
parison are discussed briefly at right, 
with the Howell Series 100 totally en- 
closed fan-cooled motor used for illus- 
tration. Other features: Shock resistant 
steel frame; easy access, diagonally split 
terminal box; Mylar-insulated slot cells; 
and vinyl acetyl-covered wire. A com- 
pact, vibration resisting, trouble-free 
winding is assured by two dip and 
bake cycles, after stator preheating. 
The Series 100 open drip-proof motors 
are similarly outstanding. Howell’s ex- 
clusive new stator design works heat- 
dissipation mir- 
acles here, too, 
and versatile, 
high- stability 
copper-bar 
rotors are 
standard 
throughout the 
line. Bearings 
in the open motors, while not cartridge- 
type, are double-shielded and sealed in 
the end-plate cavities by dust-tight 
inner caps. Howellube greasing system 
provides positive lubrication and ease 
of maintenance. 
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Good ventilation — one key to better design. “Cooler run- 


ning” means longer motor life. Howell’s new stator construction includes wide 
ventilation slots around the perimeter of the laminations. The steel frame 


completes the ducts which provide 50% more contact between the cooling flow 
of fan-driven air and the main source of heat, the stator, than ever before 
possible in any standard motor. 





Fully protected bearings last 


longer. Dirt can’t enter Howell’s car- 
tridge-type, double shielded bearings, 
either from inside or outside the motor. 
Cartridge remains sealed even when 
the end-plate is removed. 


Copper-Clad rotors have better 
heat conductivity, more stability at 
high temperatures and greater design 
flexibility to meet special requirements 
than die-cast aluminum rotors. Howell 
uses copper exclusively. 


Series 100 enclosures: totally enclosed fan cooled, open drip-proof, splash-proof and 
weather protected, sanitary, explosion-proof, and totally enclosed non-ventilated. 


Write for new Bulletin N-100-R 


See our catalog in 
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HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 
PRECISION-BUILT MOTORS FOR 
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“TEMP GU RD” from 5:1 to 60:1. Additional output 
speed reductions can be obtaine 

= A Thermostats through use of V-belts and shoal 
. Shaft-mounted motorized models cap 
Engineered for carry the driven shaft and its load jy 

many applications to eliminate pilloy 

C D « blocks and other bearings. Foot-mount. 
omponent ensity ing arrangement also eliminates belts 
pulleys. bed plates, torque arms and 
other conventional mounting arrange. 
ments for shaft mounted reducers. Mich. 
igan Tool Co., Cone Drive Gears Diy, 


7171 E. MeNichols Rd., Detroit 12. 


trial electrical instruments, heating and ventilating Mich 





Where space and weight economy is a must as in 


motors, automation, automotive, appliances, indus- 


controls, fire alarms, medical sterilizers, and other eee ae 


a numerous fields, Dales ““Temp-Guard” controls will 
meet the most exacting requirements. They provide 
compactness, extremely fast action, high reliability, TUBULAR PAPER-DIELECTRIC 
and maximum simplicity of application without CAPACITORS FOR 100 C 


redesigning of your product. They are powerful in High-temperature paper dielectric tubu- 
proportion to their miniature size. lar capacitors, “Tiger Cub” Type MCT, 
is designed to operate effectively from 
—55 to 100 C. Capacitance stability 
varies less than 10 per cent over this 
temperature range. Longer service life 
is assured by Bikane impregnation. An 
external wax dip provides added mois 











ture protection that will withstand 250 
hr of continuous exposure in 90 per - 
cent relative humidity at 40 C. 

The capacitors are available in ca- 
pacities from 0.001 mf to 1.0 mf in 6 al 
voltage ranges from 100 to 1600 VDCW. 

Low resistance lead wires are soldered 
cycling with a +1 differential, or for slow cycling to extended foils and held in place by 
with a +3 differential. Load applications can Polykane high-temperature, non-melt- 
vary up to 10 Amps according to model. Normal _ e 4 cores Electri 
Orp., South ainneid, iN.J. 

tolerance of +5°F can be reduced to +2°F on i ees ita Thkaachans Meaaile _ an 

ss " ; ; P ; : —] J, 
request. All parts of ‘‘Temp-Guard"’ thermostats We 


are constructed of corrosion-resistant materials. ME 


CAPACITOR INDUCTION sta 
MOTORS Ta 


an 
+4 
p IO 


PS 
) 
+ 





‘“‘Temp-Guard"’ thermostats are illustrated at 
actual size. Each series is available for fast 





HEAT CONTROLS IN AUTOMATION... APPLIANCE... MOTOR PROTECTORS... 





Get Dales’ Applications of a line of 3-)15-in. and fill 
sanpeiss adds ag 3-7-in.-diam capacitor induction motors len 
Engineering Data Brochure — Sele ea, Ae ala ciiees shaaaal 

c > se lec Cc eC yment, 

Just off the presses! jul} | tur 
tro 
| br 

*Patent Pending UL Approved models up to 150°C 


Special models up to 750 F. 


The Granklin Dales Co. 


'Temp-Guard”’ 


THERMOSTATS 
180-184 East Mill Street, Akron, Ohio | | A 
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Whitso of cellulose-filled MELMAC 1500. 


ile window-lift plungers molded by 


Multi-contact connectors molded of MELMAC 592 
by Armel Electronics, Inc., Brooklyn, N. Y. 


Standoff terminals molded of mineral-filled 
MELMAC 592 by Whitso, Inc., Schiller Park, Ill. 


a 







NT 
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There's a Future in MelImac 


and a Melimace in your Future! 


We say future because electrical parts made of 
Metmac Molding Materials stay electrical parts . .. 
stay dependable and safe. 

Take Metmac 592, for example. This is a mineral- 
filed melamine-formaldehyde material with excel- 
lent insulating properties and resistance to tempera- 
ture and atmosphere extremes. Just right for elec- 
tronic equipment, aircraft ignition parts, circuit 
breakers. 

Or Metmac 1500. This is melamine-formaldehyde 
with cellulose filler. Its properties include excep- 
tional arc-tracking resistance, excellent dielectric 
strength and low specific gravity. Its companion, 
Metmac 1502, offers especially good dimensional 
stability. 

Then there's glass-filled Metmac 3135, a high-im- 
pact material offering extraordinary flame resistance. 
And Meimac 3020, with chopped cotton filler. 


All these Mretmac formulations are suited to com- 
pression or transfer molding. They're available now. 
Make sure your standoff terminals, switch mecha- 
nisms, meter blocks and other electrical parts stay 
dependable in future performance. Specify MELMAC. 


AMERICAN Cyanamid COMPANY 


PLASTICS & RESINS DIVISION 


33D Rockefeller Plaza, New York 20, N. Y. 
























in Conode: North American Cyonamid Limited, Toronto & Montreol 
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CL LE 
SMT 
problem? 


ODEL 
2-pole, shaded pole 
AC Induction Type 


MODEL B 


4-pole, 4-coil shaded pole 


AC Induction Type 


4-pole, 4-coil sha 


MODEL E 
4-pole, shaded pole 
AC Induction Type 


MODE 


AC Induction Type 


Write for Complete Motor Catalog 


ded pole 


eRe 
BC Ta ae 


TT 
eee 


MODEL F 
2-pole, shaded pole 
AC Induction Type 


NOT SHOWN: 


MODEL C — 2-pole, 
shaded pole AC 
Induction Type 


MODEL O — 2-pole 
Capacitor Reversi- 
ble Type, AC only 
(for 6, 12 or 24 
volts) 


tHE GENERAL INDUSTRIES co. 





DEPARTMENT GL ¢ ELYRIA, OHIO 


automatic devices, business machines, 
control equipment, antenna drives and 
similar units. 

Available for 60 and 400 cycles, mo. 
tors for self-cooled, continuous duty 
have a 3-7% in. diam: 3-16 in. diam for 
fan or intermittent duty. Ratings range 
from 1/10 to 1/100 hp at all standard 
voltages, single, two or three phase, 
Maximum weight for any motor design 
is less than 5 lb. 

Shock-resistant, the small motors can 
be provided with ball or sleeve bear. 
ings, a choice of Class A or H insula. 
tion, and bracket, face or strap mount. 
ing. Shaft configuration and size can be 
varied to suit applications. Sixty-cycle 
models have speed ranges of 1100, 1650, 
and 3300 rpm. Ranges for 400-cycle 
models are 5600, 6800, 11.000 and 22. 
000 rpm. Eastern Air Devices, Inc., 387 
Central Ave., Dover, N. H. 

e No. 18, Reader Ir ry | 


SOLENOID, PILOT-OPERATED 
CONTROL VALVES 


Master-valve series makes available 
base-mounted, air-control units designed 
to meet JIC standards and recommended 
for machine applications where contin- 
uous operation and compact piping are 
needed. Double and single-solenoid, 
pilot-operated control valves are avail- 
able. Both have built-in flow controls 
which make them dual-purpose valves. 
There are only two internal moving 
parts: a single balance spool-type stem 


BUILT-IN 





that rides on aircraft-type packing and 
the solenoid pilot plunger with molded- 
in seats. The double-solenoid valve has 
two solenoid pilot plungers. Entire unit 
is completely sealed. 

Double-solenoid Model SS, which 
can be energized through a Micro 
Switch or a relay, is a momentary-elec- 
trical, contact-type valve. There is no 
need to energize it continuously, al- 
though the valve must be mounted on 
its horizontal axis. 

Single-solenoid valve has a_ spring 
return for electrical control; electrical 
contact must be maintained for the 
duration of the cycle. For continuous 
duty, solenoids have a power consump- 
tion of 10 watts max. Valves, which can 
be supplied for most a-c and d-c volt- 
ages, are available in the following 
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sizes : 
size 
from 
doub! 
for tl 
Inc., 
Ohio. 


Circle 


MO 
Moto 
therm 
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powel 


over 
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coil 
striy 
ther 
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cur! 
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sizes: 44, °g, Yo, and 34, with pipe-tap 
size ports. Recommended pressures: 
from 20 to 150 psi air pressure for the 
double solenoid, and from 35 to 150 psi For the 
for the single solenoid. Airmatic Valve, 
| Ine. 7217 Associate Ave., Cleveland, 
| Ohio. 
‘ircle No. 19, 


| | MOTOR PROTECTIVE DEVICES 
: Motor Protecting Relay, the M-R, is a 
| thermally operated self-resetting device 
that disconnects the motor from the 
| power supply whenever continuous 





all 
qurueEnEEecnasteen 
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n 
| C 
: : 
| 4 
7 | NON-FERROUS 
i | 
d ¥ é A <. a 4 = 4 “ Sng 
d- | . . : 
” | Another one-source service of Joliet. Now 
i ° | 
it | | you can order non-ferrous washers—alumi- | 
num, brass and copper from Joliet Wrought 
. 1 3 
0 | Washer Company. Also, of course, a com- 
‘2 plete line of special, standard, $.A.E., rivet- 
10 ; js 
1 | overcurrent or low-voltage conditions ing washers, machine screw washers, carbor- 
m | occur, or when the motor is jammed ized structural steel washers, malleable and 
or stalled. % j 
1g | Feature of the relay is that its heater lock washers. Special washers our specialty ' 
al coil is wound directly over the bimetal —Since 1914! 
ne strip; heat produced by the coil is i 
us therefore transferred without loss. : Le : re Songs 
p- Incorporating solid silver contacts , 
an and capable of operating in any posi- : | 
It- tion, the device is enclosed in a steatite | 
1g casing. Relay is said to withstand surge : JOLIET WROUGHT WASHER CO. © JOLIET, ILL. 
currents up to eight times its rating 
NG 
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.. that conform to 
your Specifications 





Whether you need porcelain, re- | work with you. 
fractory, steatite or filter body parts When you need ceramics, send us 
— Wisconsin Porcelain Co.’s 36 a sample or blueprint and tell us 
years of experience and highly de- your requirements. We will be glad 
veloped manufacturing processes as- to quote prices and delivery. 
sure quality and uniformity. Serving Electrical and Electronic 
These precision made ceramics are Industries since 1919. 


Spe ia dae bh meces. §6=6»s WW ESC OONSIN 
PORCELAIN (@ COMPANY 


or wherever the requirements are 
115 Market St. 


exacting. 
If you have a special insulation 
Sun Prairie, Wisconsin 


problem — let our ceramic engineers 





fully engineered 


packaged power supplies 
--ready-to-install components 





ae > a 


Model 3-150X 


Output: 200-300 V.D.C. 
0-150MA 


Model 1-20X 


Output: 150 V.D.C. 
0-20 MA 


dressen-barnes 
sub-chassis mounting units 


The Model “X” regulated power supplies 
save designing time...are easily and 
quickly installed .., cost less than units you 
can build yourself. Quality Dressen-Barnes 
construction, and freedom from maintenance. 
Eight stock models available in outputs from 
100-500 V.D.C.... current from 20-300 MA 
—and each model has an adjustable output 
range. Ripple on all models is below 10 MV. 
Specials built to your order. 





Model 4-200X 


Output: 300-400 V.D.C. 
0-200MA 


Write for literature on Model “X” units. 


daressen-barnrnes 
DRESSEN-BARNES CORP., 250-C N. Vinedo Ave., Pasadena 8, Calif. 





See our exhibit at Booth 116, WESCON Show. 
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from a cold start without disconnecting 
yet it can react to an overload of 29 
per cent above the nominal load. Models 
are available with ratings from 100 to 6 
amp. 

Useful in conjunction with the relay 
is the Model A-P-S starting winding 
switch, a thermally operated and com. 
pensated switching device for cutting 
out of circuit the starting winding of a 
single-phase motor on attaining normal 
speed. Completely independent of 
changes in motor speed, the A-P-S wil] 
not reconnect the starter winding at any 
speed, once normal speed is attained 
and the starter winding disconnected, 
The switch is said to disconnect the 
starter unit within 1-2 sec: on motors 
with severe starting conditions, between 
5-6 sec. 

Both the M-R motor protecting relay 
and the A-P-S starter winding switch 
may be obtained in a combined single 
unit. 

Manufactured in Germany. both units 
may be obtained from U. S. source. 
E-T-A Products Co., 5506 N. Bernard 
St.. Chicago 25, Ill. 

> No. 20, Re 


6.6 KW AUTOTRANSFORMER 
DIMMER 


Designed for accurately controlling in- 
tensities of higher-capacity lighting cir- 
cuits, 6.6 kw Radiastat autotransformer 
dimmer employs vitreous enamel for in- | 
sulation and support. Contact segments 
and connections to core-type autotrans- 





former windings are embedded in a 
non-hygroscopic vitreous enamel. Longi- 
tudinal bearing thrust is eliminated by 
use of dual, opposing, spring-loaded 
brushes (one for segments; one for col- 
lector ring). 

Features include: high rating in small 
size; linear output voltage; stepless 
control, and use of Class H insulation 
Also used are sintered silver-graphite 
brushes. Reversible rotation makes pos- 
sible dimming from either end. Ratings: 
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Changing details of power-plant 
design on a Kodagraph Auto- 
positive Paper print saves hours 
of redrafting 





Toledo Edison Company reports on its use of Autopositive— 


Stiortly after Kodagraph Autopositive Paper was introduced, 
the Toledo Edison Company, Toledo, Ohio, began exploring 
its possibilities for engineering drawing reproduction. 

Here was a revolutionary photographic intermediate paper 
which produced positives directly from positives—no nega- 
tive step. It could be exposed in standard print-making equip- 
ment... processed in standard photographic solutions. Entire 
operation in ordinary room light, too. Jobs which had been 
difficult and costly became easy and economical—Kodagraph 
Autopositive Paper costs only a few cents a square foot. Some 
typical savings at Toledo Edison which you can duplicate 
are listed here. 


1) Old prints and intermediates reclaimed. No time lost retracing. 
Autopositive Paper strengthens weak line detail, cleans up back- 
grounds. Toledo Edison now can get intermediates which have 
dense photographic black lines on an evenly translucent paper 
base. Original quality or better! 


| “One saving after another since 1947" 


1) Opaque originals no problem. Many of Toledo Edison’s forms, 
charts, operating maps, etc., are on opaque stock—some two-sided. 
Data is added to these in pencil or by typewriter. Then Autoposi- 
tive reproductions are made and used to produce the direct-process 
prints needed for distribution. The 1954 Annual Budget, for ex- 
ample, was reproduced in this manner. Autopositive saves time 
and dollars for all departments. 


C1] Print-making simplified. Toledo Edison runs Autopositive inter- 
mediates at uniform, practical speeds in its direct-process machine 
... gets sharp prints time after time. Autopositive lines do not 
smear, smudge, or lose density. 


1 Drafting shortcuts. An Autopositive print is made of a drawing 
which has to be altered. The obsolete detail is eradicated or scis- 
sored out, and another Autopositive is made. New design is then 
added, and the job is completed without redrafting. 


C] Photo-lasting file copies. Toledo Edison also finds that Auto- 
positive intermediates will not turn yellow or become brittle. . . 
are ready to produce sharp, legible prints whenever needed. 


_ Kodagraph Autopositive Paper 


<a 


&% 
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“THE BIG NEW PLUS” in engineering drawing reproduction 


— ee ee ee ee oe ee eee MAIL COUPON FOR FREE BOOKLET nx nxn nce nce ne ne ce ee ee ee ee ee 
EASTMAN KODAK COMPANY ; 
“i Industrial Photographic Division, Rochester 4, N. Y. 


Gentlemen: Please send me a copy of “Modern Drawing and Document Reproduction.” 
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Name es, ; ___ Position — ae 
Shows all the ways 
you can save with Company - te Street __ 
Kodagraph 
Autopositive Paper. City a Zone State 2 
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Somndhang Special 
(l sets? 


If your product is special, you'll want a quality 
cord set you can rely on 


Call on WHITNEY BLAKE 
SPECIAL COLOR 


If you want colored cord sets for your modern, 
colored appliances 


Call on WHITNEY BLAKE 






dae UE UOC Lees 





If you want your name or trade mark molded 
on the plug 


Call on WHITNEY BLAKE 
Nd 67 1c) 


If your needs demand specially designed cord 
sets or harnesses 


Call on WHITNEY BLAKE 


Anpliances are only as good as the cord 


set — make sure you use quality cord sets to 


insure complete customer satisfaction. 





WELL BUILT WIRES SINCE 1899 








©1955 


<=> WHITNEY BLAKE COMPANY 


NEW HAVEN 14, CONNECTICUT 


10 watts to 6.6 kw. max, 120 volts, 60 
cycles; operating torque, 12 lb-in.; no- 
load loss, 45 watts. Dimmer is designed 
for continuous duty. 

Non-interlocking Radiastats are avail- 
able in single or multiple banks for 
manual operation. Interlocking types, 
as well as remote control motor oper- 
ated units, also are available. Ward 
Leonard Electric Co., 115 S. Mae. 
Questen Parkway, Mount Vernon, N. Y, 

e No. 21, Reader Inquiry f lity, Page 23] 


VERSATILE SWITCH 
PERFORMS MANY FUNCTIONS 


Variety of circuit combinations and 
functions are offered by a pushbutton 
switch, the Multi-Switch, containing a 
basic frame mechanism obtainable in 
four standard frame sizes. Five series 
of contact assemblies are available. 
Service as an interlocking switch is 
one of the five commonly required fune- 
tions the Multi-Switch can provide. In 


diceceeeuuay, 


Feurry es, 








this arrangement, actuating a pushbut- 
ton automatically restores to normal the 
button previously actuated. Also possi- 
ble is a non-locking arrangement in 
which each button has momentary ac- 
tion. Other possible functions include 
accumulative pushbutton locking, with 
all buttons restored to normal by ac- 
tuating the release button. Also, an 
interlock and non-lock combination, in 
which specified stations interlock while 
others non-lock without affecting the 
interlock stations. The switch can also 
provide an all-lock and non-lock com- 
bination providing for the accumula- 
tive locking of specified stations with- 
out locking others: release button re- 
stores locked stations. 





Flexible tooling makes it practical to 
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3 UNIT BEARING for smaller motors provides larger 
bearing area, positive rotor alignment. TWO-BEARING 
DESIGN in larger motors has same forced oil re-circulation. 


4 THREE-WAY MOUNTING is offered on most G-E 
shaded-pole motors: cushion end-rings, through-bolts, 
resilient cradle bases. Extra-high bases are also available. 


make G-E shaded-pole motors best 
for your direct-drive fans and blowers 


| 
| INDUSTRY’S MOST COMPLETE LINE...1.5 WATTS TO 1/4 HP 


/You see above some of the outstanding features of 
|General Electric shaded-pole fan motors which help 
assure maximum product life of your heating equip- 
ment. Now, check these other reasons why leading 
heating-equipment manufacturers make G-E shaded- 
ple motors the low-cost answer to more compact, 
| more saleable products: 


(COMPACT, HIGH-QUALITY DESIGNS—Created by 
GE.’s widely experienced motor engineers, these 
thaded-pole motors are built to high G-E standards. 
Unit-bearing design in smaller ratings and two-bearing 
design in the 1/12- to 1/4-hp line each provide the 
ptimum in compactness, quietness, and long life. 


(ONG-LIFE BEARINGS—-G-E shaded-pole motors bring 


you the benefits of sealed-in lubrication. Oi! grooves 
in shaft provide positive lubrication of filtered oil to 
bearing surfaces. 


COOLER OPERATION—Improved ventilation of G-E 
shaded-pole motors results in longer life through 
cooler bearings and windings. Higher efficiency (lower 
heat loss) of 1/12- to 1/4-hp line simplifies provision 
for motor ventilation in your products. 


EXPERT APPLICATION HELP from G-E engineers is 
available to you. For complete shaded-pole motor 
service, contact your local G-E Apparatus Sales 
Office early in your planning when G-E engineers can 
help most. And write for bulletin GEA-6134 to Sect. 
704-51, General Electric Co., Schenectady, N. Y. 


Progress /s Our Most Important Product 
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1k New for You / 


Panel Mount 
Push Button Switch 






































































ACTUAL SIZE 





Model hd ACRO micro-switch 


A PRECISION SNAP ACTION SWITCH IN 
CONVENTIONAL PUSH BUTTON STYLE 























Precision switches come in all shapes and sizes. Here’s 
an important new one by Acro that rounds out the 
line. Its compact dimensions conserve space behind 
the panel. And installation is a cinch since round 
holes are easiest to cut. 


This little switch packs a big wallop! It’s rated at 
12 amps, 125 volts, 14 hp—Underwriters’ listed. 
Mechanically, there’s up to 3; inch overtravel. Three 
types of terminals are available screw, solder or 
quick disconnect. 

























Write for Data Sheet D-1 


ACRO SWITCH DIVISION 


CRO 


Te kc COMPAN, 





MANUFACT 
COLUMBUS 16, OHIO 


Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


produce the switch in any multiple 
from 2 to 12 stations. A °% in. center. 
to-center distance between the buttons 
is standard. Switching action between 


stations is so controlled that contacts 
of a relay station return to normal 
before contacts of newly operated sta. 
tion are actuated. 

Switches require a 3! in. depth be. 
hind panel; length depends on number 
of stations; height is variable depend. 
ing on the circuits. Switches are also 
being made available with illuminated 
pushbuttons. Switchcraft. Inc., 1328 N, 
Halsted St., Chicago 22, Ill. 

Circle No. 22, Ré ry Facil 
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MINIATURE AN-TYPE 
CONNECTOR 

Miniature AN-type precision connec- 
tors, Series 1300, feature one-piece 
molded inserts to prevent moisture 
traps and electrical breakdown. Inserts 
are permanently swaged into the shell 


to form a single cartridge unit. Floating 
contacts assure self-alignment of each 


contact and reduce engagement and 
disengagement forces to a minimum, 
Inserts are interchangeable in the plug 
or receptacle shell. 

Standard molding compound is min- 
eral-filled melamine (MIL-P-14D. Type 
MME). Other molding materials are 
available. 

Precision-machined brass pin con- 
tacts and spring temper phosphor 
bronze contacts are gold-plated for ease 
of soldering. 

Two shell sizes accommodate 3, 4. 5 
contacts, or 15, 19, 27, 31 contacts for 
No. 20 AWG wire. Electronic Sales Div.. 
DeJur-Amsco Corp., 45-01 Northern 
Blvd., Long Island City 1. N. Y. 

e No. 23, Reader Inquiry Facilit f 


ELECTRICAL INSULATION 
EFFECTIVE UP TO 1000 F 


“Ceramoplastic” electrical insulation 
material that can withstand the effects 
of radiation and 1000 F temperatures 
without losing its properties consists of 
pulverized synthetic mica bonded with 
high-grade electrical glass. High-tem- 
perature performance of the new mate- 
rial, called Supramica, is said to be due 
to the use of synthetic mica. 

In addition to high thermal and radi- 
ation endurance, Supramica ceramo- 
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Sirvene 


TO KEEP THE SUDS OUT OF GEARS 


The part: Agitator post seal made of C/R Sirvene (syn- 
thetic rubber) in MAYTAG’s new supermatic washer. 
Its job: To keep hot water, soap, and detergents out of 
the power mechanism. Especially compounded and 
molded to exact specifications, its coated nylon face does 
this job dependably —for life. Economical, easy to install, et 4 vy) ¥ gl N i Ce 
and effective, this Sirvene part is another typical ex- > | ‘ ir | cr 

i 


ample of how C/R Sirvene serves industry better. bes — 


SCIENTIFICALLY COMPOUNDED ELASTOMERS 


WHENEVER you need a flexible molded part, custom- 
developed and precision made in production quantities, 
you need C/R Sirvene. Write us for your copy of 





“Engineering with Sirvene.” 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenue Chicago 22, illinois 


IN CANADA: MANUFACTURED AND DISTRIBUTED BY SUPER OIL SEAL MFG, CO., LTD., HAMILTON, ONTARIO 
EXPORT SALES: GEON INTERNATIONAL CORP,, GREAT NECK, NEW YORK 


— iii soa $$ ——_—_—_—_———— 


' 
' 


Ox Seats: Shaft and end face seals for all types of lubricant retention and dirt exclusion * Conpor: Controlled porosity mechan- 
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IMPORTANT 
REASONS 
WHY YOU 
SHOULD 

SrECIFY 


RESINITE AC combines all the mechanical and dielectric advantages of 
phenolics with the high dielectric strength, moisture resistant and non- 
corrosive properties of cellulose acetate. 


RESINITE 104 is a tough material suitable for stapling, severe forming 
and fabricating. 


RESINITE 8104 minimizes the effects of electrical property degradation 
characteristic of laminated phenolics when subjected to high humidity 
and temperature. 


RESINITE TruTork provides an internally threaded or embossed form to 
fit any threaded core, regardless of diameter or threads per inch. 


. RESINITE gives torque control of plus or minus 1 inch ounce—axial 
pressure in excess of 25 pounds. 


Ask us how you can save money by replacing expensive plastics with low- 
cost Resinite tubes for many applications involving high chemical or 
moisture conditions. 


Get full information on Resinite Coil Forms. Request detailed technical literature. 


RESINITE <cxronarton 


Sales Representatives in: 


New England: Framingham, Massachusetts, Trinity 3-7091 


Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 


Upstate New York: Syracuse, New York, Syracuse 4-2141 
Northern Ohio, Western Pennsylvania: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 
Canada: Montreal, Quebec, Canada, Walnut 0337 
MARTI mehi 


PRECISION PAPER TUBE COMPANY 


2035B W. CHARLESTON ST. + CHICAGO 47, ILLINOIS 





plastic products are said to provide per- 
manent dimensional stability, low elec. 
trical loss, and excellent arc resistance, 
They are also impervious to water, oil, 
and organic solvents. 

Material is now available in sheet 
and rod form (Grade 500) with a ther. 
mal endurance of 1000 F, or as fin- 
ished components precision-molded to 
desired specifications (Grade 555), with 
a 950 F thermal endurance. 

Use of Supramica 500 ceramoplastic 
(the fabricating grade) with fired silver 


| paste printed circuits extends the ap. 


plication range of printed circuitry 


| techniques under critical conditions, 
| The ceramoplastic is also expected to 


find wide use as an insulator for elec- 
tronic components in high-speed air- 
craft and missiles where extreme tem- 
peratures are often encountered. It is 
already being used in nuclear projects 
where the ability of an insulator to 
retain its properties despite radiation 
and high temperature is required. My- 
calex Corporation of America, Box 311, 
Clifton, N. J. 

No. 24, R« 


INTEGRAL HP MOTORS IN 
RERATED NEMA FRAME 
DIMENSIONS 


Newly designed standard and _ explo- 
sion-proof totally enclosed motors in 
rerated NEMA frame dimensions fea- 
ture corrosion-resistant cast iron frames, 
improved winding insulation and heavy- 
duty ball bearings. 

Grease fittings are provided at top 
and bottom of bearing housing to per- 
mit convenient lubrication and removal 


of old grease. A running shaft seal on 
each end of fan-cooled motors and on 
the drive end of non-ventilated motors 
effectively prevents entrance of mois- 
ture, dirt and other contaminants which 
might injure the bearings. Pressure-cast 
aluminum squirrel-cage rotors are dy- 
namically balanced to assure smooth, 
quiet operation. 

Current production includes ratings 
from 1 through 10 hp, 4 pole, 60 cycles 
in rerated frames 182 through 256U. 
Frames 213 and larger are cast with 
heavy ribs for efficient cooling. An 
external fan of bronze or malleable 
iron cools the motor and prevents dust 
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WHEN YOU 





AUGUST 1955 


specitry... MAGNETIC SHIELDS 


‘ ~ 


WANT THE COMPLETE STORY? 


Write us . . . on your company 


letterhead . . . we'll be delighted MAGNETICS ine 
- 


to answer your questions. No obli- 
gation, 


SPECIFY, .. 


HERE’S WHY... 


Shielding is a vital element in circuit design, and the Mag- 
netics, Inc. ‘“Performance-Guarantee” on your shields is 
your assurance that they have been designed and manu- 
factured to meet your performance specifications. You then 
know, whether your shields have been made from Mumetal, 
A.E.M. 4750, or from any other commercially available 
magnetic or non-magnetic material selected to meet your 
needs, they will make money for you on the assembly line 
by eliminating waste. 

You also know that these Performance-Guaranteed Mag- 
netic Shields cost no more—indeed, despite the fact that you 
have a guarantee of performance, they are sold at prices 
standard in the industry. Let our Engineering Department 
design your shields and production engineer to your cost 
requirements . . . one more important Magnetics, Inc. serv- 
ice to our customers. 


How Do You Like Your Shields? .. . 


Painted, lacquered . . . or unfinished? Painted . . . to match 
any equipment shade you select? From any commercially 
available material to meet your performance and cost 
needs? That’s exactly how they’re furnished by Magnetics, 
Inc. . . . to meet your specifications. 


of course... . Se ke 


aa 









DEPT. EM-14 BUTLER, PENNSYLVANIA 
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-.-use Heinemann Breakers! 


they’re fool-proof 





Send for your copy of Bulletin 201... 
the Heinemann Circuit Breaker Engineering Guide 


HEINEMANN ELECTRIC CO., 99 PLUM STREET, TRENTON 2, N. J. 


178 


from collecting on the frame. Flow of 
air is directed around all sides of 
the motor by a protective cast iron 
shield. Smaller ratings are totally en. 
closed, non-ventilated. Wagner Electric 
Corp., 6454 Plymouth Ave., Saint Louis 
14, Mo. 
rcle No. 25, Reader 


THERMAL MOTOR PROTECTOR 


Small sealed motor protector, the 
Fascostat, is useful on shaded-pole, 
permanent-split-capacitor and — other 
tvpes of motors where the locked rotor 
current does not exceed the rating, 
Standard models have ratings up to 10 





amp, 150 volts, or up to 5 amp, 230 
volts. Calibration can be held to +5 F. 
Device was designed to be installed be- 
tween coils of the motor before varnish 
impregnation; it has gasketed leak-proof 
construction to enable it to withstand 
all normal impregnating cycles. 

Other construction details include 
“4-in.-diam fine silver contacts, a drawn 
copper-clad steel body, and strong cali- 
bration tag, integral with body for weld- 
ing to internal parts. Insulated terminal 
is molded in thermosetting plastics; 
ground terminal is welded to body. 
Fasco Industries, Inc., 250 Davis St., 
Rochester, N.Y. 

ircle No. 26, Re 


ELECTRICAL HEAT-CURING 
TAPE WITH MYLAR BACKING 


Constructed with a 1-mil-thick Mylar- 
film backing and a rubber-base adhesive 
free from corrosive agents and _ sulfur, 
P 253 Electrical Heat Curing Tape is 
latest addition to a line of 2-in-1 tapes. 
These tapes in the uncured state have 
excellent pressure-sensitive characteris- 
tics and can be subjected to cure 
through heat, which firms the adhesive 
and gives it solvent resistance. 

When cured, P 253 is resistant to 
varnish and paint solvent and has high 
tensile and tear strength. Its low mois- 
ture vapor permeability makes it useful 
as a moisture barrier when used in elec- 
trical equipment. The clear Mylar poly- 
ester film tape withstands temperatures 
up to 150 C. 

Recommended applications include 
banding field and armatures coils and 
holding down lead wires in electric 
motors and generators; holding down 
start and finish wires, securing leads 
and insulating cores in’ transformers 
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industrial 





power rectifiers 


The WIDEST RANGE 
in the INDUSTRY 


* Power Ratings from Microwatts 
to thousands of Kilowatts! 


* Efficiency to 87% 


| 
The most widely used Industrial Power Rectifiers in industry today. 
j i. _ : : ; @& & > 
ana it > : -Titier 

| Cc Oo R POR A T 1 ON 

EXECUTIVE OFFICES: 1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA © PHONE OREGON 8-6282 

New York Office: 501 Madison Avenue, Phone Plaza 3-4942 ¢ Chicago Office: 205 West Wacker Drive, Phone FRanklin 2-3889 
| in Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave. W., Toronto, Ontario * Phone RU 1-6174 
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KIRKWOOD 


covers the field 
in commutators 


TOY TRAINS 
to 
DIESEL LOCOMOTIVES 


Kirkwood molded core commvyu- 
tators, in shell or bar types, bring 
big savings to miniature motor 
makers. 


And Kirkwood experience played 
a big roll in developing a coin 
silver commutator to solve a 
difficult contact problem in diesel 
engines. 


Let Kirkwood supply your needs 
from our standard designs of over 
1000 sizes ranging in diameter 
from 9/32” to 50’’—or we'll build 
them to your specifications. Send 
us your prints for estimate. 


WRITE FOR CATALOG NO. 3 


eR Be eee ee one ee 


Over 10,000,000 now in use. 


4855 West 130th Street 
Cleveland 11, Ohio 
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and coils, as well as for providing an 
outside wrap resistant to moisture. 
abrasion and chemicals. The tape is 
also used in Class B insulated elec- 
tronic and electrical units. 

Grade 253 has a tensile strength of 
20 lb-in., an elongation of 50 per cent, 
and an adhesion to steel of 40 oz-in. 
Minimum curing cycle is 2 hr at 250 F 
or 1 hr at 300 F. The Permacel Tape 
Corp.. New Brunswick, N. J. 

e No. 27, Reader Inquiry f 


MOLDED PRINTED 
ELECTRONIC CIRCUITS 


Making use of a special alkyd molding 
material, Type MCR, molded printed 
electronic circuits are completely en- 
losed by a special process transform- 





ing the entire assembly into a compact 
unit with improved moisture resistance: 
lower voltage coefficients; greater shelf- 
life stability; and stable, improved tem- 
perature coefhcient. Unaffected by vi- 
bration, the printed circuits are avail- 
able with round copper wire terminals 
and tab leads. All leads are straight 
and perfectly aligned. 

Because of their geometrically uni- 
form shape, Type MCR is readily 
adapted to manufacturer’s specially de- 
signed automation packaging, a recent 
development which facilitates customer 
production. They are currently available 
in four uniform sizes to conform with 
all proposed RETMA specifications. In- 
ternational Resistance Co., 401 North 
Broad St., Philadelphia 8, Pa. 

No. 28, Reader ry f t 


VINYL COMPOUNDS FOR 
WIRE COATINGS 


Three new vinyl compounds for wire 
coatings are designated Opalon 1038, 
72254 and 72217. Opalon 1038 is a 
primary insulation compound approved 
by Underwriters’ Laboratories for Type 
T and TW uses and exposure to oil 
at 60 C. Applications include use in 
cable jacketing where mechanical tough- 
ness, weather and flame resistance and 





ore and more 
buyers, designers and pro- 
duction men are learning 
that Seymour's new, up-to- 
the-minute production 
machinery and three quar- 
ter century of experience 
assures them of top quality 
Brass with... 


@ UNIFORMITY OF 
GAUGE for the full width 
and length of the metal. 


@ MAINTENANCE OF 
CLOSER TOLERANCES which 
is made possible by the use 
of modern, precision rolling 
equipment. 


These pace-setting stand- 
ards are rapidly raising 
Seymour-quality Brass to 
the top of the ‘’Preferred”’ 
List for hundreds of execu- 
tives who specify and buy 
primary metals. 











Equally famous for their ex- 
ceptional quality are Seymour 
NICKEL SILVER * PHOSPHOR 
BRONZE « WELDING ROD 
BRIGHT (Plating) NICKEL « 
NICKEL ANODES 


SEYMOUR 


The Seymour Manufacturing Co. 
SEYMOUR, CONNECTICUT. 
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Giant battery cases 


weigh l@SS.. . . because 


' 
| 
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they're made with 


DYLENE™ 
POLYSTYRENE 


Bic battery cases like the one 
pictured are used in communica- 
tion centers and for emergency pur- 
poses. The cases were formerly made 
from rubber. Today these battery 
cases are made from Dylene polysty- 





| rene. They weigh approximately 15 


pounds and will give long, depend- 
able service. 
Dylene polystyrene is being used 


' to replace glass, metal and rubber 


in many industrial applications. By 
choosing the right type of Dylene 
plastic you can get such qualities as 


| high impact resistance, low water 


absorption, dimensional stability, 
and high heat distortion resistance. 
Parts made from this lightweight 
plastic can be molded in any shape 
you need ... at low cost. 

Koppers engineers will give you 
technical assistance in selecting the 
proper Dylene polystyrene to im- 
prove your product or reduce pro- 
duction costs. Write to us for more 
information. 


*Koppers Trademark 


a 
KOPPERS 
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WUC UC Meme TL ee Sa CM me ee oe tte 
Pa. This 1344” x 1442” x 19%” battery case, molded by the Mack Molding Company, Arlington, 
Pe ee CCM CC tim CM Cm Cmte Te 


KOPPERS COMPANY, INC. 


Chemical Division, Dept. EM-85, Pittsburgh 19, Pennsylvania 
SALES OFFICES: NEW YORK - BOSTON - PHILADELPHIA - ATLANTA - CHICAGO - DETROIT - HOUSTON - LOS ANGELES 








: performance at moderately low tem. 
FU SL peratures are required. 

Opalon 72254 is a_ general-purpose 
flame-retardant jacketing compound. 
recommended for sheathing applica. 
tions requiring good physical proper. 

| ties, flame retardancy, low tempera. 
| ture performance, (—40 C), and | 
weatherability. 
A compound specifically for switch. | 
board cable jacketing and inside tele. 
phone wire jacketing, Opalon 72217, | 
incorporates high shear strength, flame 
retardancy and a high resistance to | 
tearing. Monsanto Chemical Co., Spring. 


field 2. Mass. 





No. 29, Reader 
METALLIZED PAPER | 
CAPACITORS FOR 125 C 
OPERATION 


R-F NOISE 
ELIMINATED 
Ea a 


PROBLEM: Bendix Aviation Corporation’s Pacific 
Division, North Hollywood, California, manufactures a 
series of rotary electric actuators for operating valves in aircraft. 
But getting a small, lightweight filter to keep the motor from creating 
radio-frequency interference proved to be a real problem. Any such 
filter would have to be mounted as an integral part of the square motor 
actuator, and the required 150°C operating temperature didn’t help any. 
APPROACH: Bendix Pacific engineers took their problem to the Radio 
Noise Suppression Laboratories of the Sprague Electric Company in 
Los Angeles. There, Sprague and Bendix engineers cooperated in 
making radio interference measurements and setting up envelope and 
mounting provisions for the proposed filter. 

SOLUTION: A filter was designed by Sprague to meet the envelope, 
mounting and 150°C performance needs. The filter successfully passed 
radio interference requirements of MIL-I-6181, MIL-1-6181B, and 
also, the rigid requirements of MIL-E-5272A. When mounted, the 
Sprague filter is completely encased in the motor, with the filter 
terminals utilized as the motor terminal strip. 

PRODUCTION SCHEDULES for these and many other filters are regu- 
ularly met by Sprague plants on both coasts. We would like 
the opportunity to solve your problem too. Write, wire, or phone 
Sprague Electric Company, 12870 Panama Street, P.O. Box 
66507, Los Angeles 66, California (TExas 0-7531) or North 
Adams, Massachusetts (MOhawk 3-5311). 
























Subminiature Metal-Clad metallized pa- | 
per capacitors, Type 118P, are rated | 
for operation at 125 C without voltage 
derating. They withstand dielectric 








aot 
_ ag 





tests of twice rated voltage. Other fea- 
tures include self-healing dielectric, 
complete hermetic sealing with glass- 





to-metal solder-seal terminals, and cor- 
rosion-resistant cases. Both standard 
| wire leads and solder tab terminals are 
available. 

Finding application in military elec- 
tronics and in industrial control and 
other devices, capacitors meet environ- 
mental tests of MIL-C-25A. Sprague 
Electric Co., 307 Marshall St., North 
Adams, Mass. 

No. 30, R¢ 


| PERMANENT SPLIT 
| CAPACITOR MOTOR IN 
| RATINGS TO 14 HP 


Line of permanent split capacitor mo- 






















tors offers the low cost and ruggedness 
of shaded-pole types plus the torque 
characteristics of a distributed, wound 

















Sprague on request will 
provide you with complete YOU CAN DEPEND ON 
application engineering 
service for optimum re- 
sults in the use of radio 
noise filters. 


World's Largest Capacitor Manufacturer 
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Here’s why 


Westinghouse control stations 
increase pushbutton flexibility 


Industry’s Most Complete Line offers a wide 
selection of components for every pushbutton appli- 
cation—standard duty, heavy duty, oiltight, pendent 
type and special service. 


Standardized Components provide greater appli- 
cation flexibility—help you benefit from off-the-shelf 
shipments and smaller inventories. The simple com- 
bination of a few interchangeable component parts 
gives you the right pushbutton or selector switch for 
every application or service requirement. 


Special Features like these save you time and 
money: double-break, solid silver contacts—complete 


selection of interchangeable operators—large buttons 
*Trade-Mark 


you can 6E SURE... iF 17s 


Westinghouse 





Standard-Duty pushbut- Heavy-Duty surface 
tons are available in a mounting stations offer a 
choice of one-, two- and variety of enclosures—a 
three-unit stations. wide range of accessories. 
AUGUST 1955 


for easier, more certain operation—shroud shielded 
buttons protect against accidental operation—double 
knockouts, top and bottom, for easier wiring—finest 
available materials. 


Enclosures for Every Application—surface or 
flush mounting, indoor or outdoor, water and dust- 
tight, oil immersed, die-cast gasketed oiltight, and 
pendent mounting. 

Why not investigate the advantages of standardizing 
on all your pushbutton needs with Westinghouse con- 
trol stations? Get the full story from the control sales 
engineer at your nearest Westinghouse office, or write 
Westinghouse Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. J-30189 








Pendent-Type stations are Special-Service pushbut- 
available in standard, tons available for mining, 
heavy-duty and Oil-Tite steel mill and other extra- 
enclosures. heavy-duty applications, 
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NEW SMALL PATTERNS 


™\ 


= 


You just can’t beat Klein pliers for 


209-5L compact smooth, easy operation—for steady 


oblique cutting plier dependability whatever your pro- 
duction job. That’s because Kleins 
are quality made of finest tool steel, 
precision fitted—individually tested. 


307-S'Al extremely Handles fit the hand to perfection— 


slim long nose plier 
knives shear through toughest wire 


with ease. 
And now the Klein plier selection is 
bigger than ever—in standard size 


patterns—in new compact patterns 


203-6-SCP-L 
needle nose plier 
specially designed for intricate wiring 
and cutting in confined space. Avail- 
able with or without a flexible steel 
leaf spring. 


317-5L chain 
nose plier 

Ask to see the 
complete new line. 





Write for your free 
copy of the Klein 
Pocket Tool Guide. 
Contains informa- 
tion on all types of 
Klein Quality Pliers. 


KLEIN 


ASK YOUR SUPPLIER 
Foreign Distributor: 
International Standard 
Electric Corp., 

New York 





Mathias 


Established 1857 


7200 McCORMICK ROAD + CHICAGO 45, ILLINOIS 








capacitor motor. Features of the new 


motor include heavy, pressed — steel 
cases: self-aligning bearings with the 


design characteristics of sleeve bear- 
and double varnish-impregnated 
insulation. Motors are designed espe- 
cially for direct-drive blowers 
frigeration, heating and 
equipment, vending machines and many | 
other applications. Available in all rat- 
ings up to 14 hp. Fasco Industries, Ine., 
250 Davis St.. Rochester, N. Y. 

No. 31, | f it 


ings: 


for re- ' 
air-moving 


PUMP CONTROL SWITCH 


Reverse-action device, added to a line 
of pump control switches, has been de- 
signed for applications requiring pro- 


tection on loss of pressure or to initi- ' 





ate a cycle of operation on rising pres- 
sure. The device is capable of opera- 
tion at pressures up to 80 psi. 


Both single and double-pole — ver- 
sions are available. Applications in- 
clude the protection of machinery 
against lubrication failure. as in the 


supply side of lubrication systems. A 
toggle and over-center arrangement in- 
sures snap action in the make and break 
of the contacts. Range and differential 
are easily adjusted in the field. Differ- 
ential can be varied from 10 to 30 psi. 
Square D Co., 4041 North Richards St.. 
Milwaukee 12, Wis. 

; No. 32, F Ir 


SMALL, LIGHTWEIGHT 
LINEAR ACTUATOR 


Weighing only 1.4 lb, linear actuator. 
Type ACT-3090, has major dimensions 
25 per cent smaller than those of con- 





with 
performance. Reduction is accomplished 


ventional actuators comparable 


ELECTRICAL MANUFACTURING: 




















ao BERYLLI- 
COPPER PLUNG- 
ER GUIDE — reduces 
friction and wear. 







SHOCK - ABSORBING. 
BUMPERS — reduce 
self - destruction, 
cushion stroke, as- 
sure longer service. 





HEAVY SILICONE 
INSULATED MAGNET 
WIRE — wound on 
high flow point 
molded nylon 
bobbin. é 
















HORIZONTAL PUSH-TYPE VERTICAL PULL TYPE 
WELDED BASE SHOCK-MOUNTED 





INDUSTRIAL SOLENOIDS 


é = j 
VERTICAL PUSH-TYPE AC WAFER SOLENOID 


WELDED BASE In addition to all the “inside” advantages, 


Decco Solenoids are compactly designed and 
FOR COMPLETE 
INFORMATION ON ALL 
DECCO INDUSTRIAL 
SOLENOIDS 

WRITE: 


thoroughly impregnated with silicone baking 


varnish for high moisture resistance. 


Decco Solenoids are made in all types, sizes 
and shapes. SPECIAL SOLENOIDS ENGINEERED 
TO YOUR PROBLEMS. 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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We'll Help You Put More 


“Automatic” 
In Your Automation! 


@ There is an “extra” Lewis Service many spring users don’t 
know about... it might be called: “packing for production” or 
“arranged for automation.” It’s simply the way in which Lewis 
Springs and Wireforms may be shipped to reach the production 
line ready for quick, time-saving handling and the most efficient 
assembly operation... by hand or automatic equipment. 


Working with customer’s production men, Lewis Engineers 
devise the packing method best suited to the job: Perhaps threaded 
onarod...on special holders ...in envelopes ...tied or grouped 
in bundles... and in many other different ways. 

If you use springs and wireforms, and have plans to further 
“automate” production we'd like to help you with our “extras” 
in Lewis Service. And, of course, top quality springs and wire- 
forms are our business. Send us your problem. 


LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. NORTH AVE. . CHICAGO 47, ILL. 


reQ4264 1242739 4 


































by developing “exact” equations for 
blending gear train and motor into a 
single homogeneous unit. 

Each gear is made of steel with a 
yield strength above 180,000 psi. Rate 
may be changed from 1.6 to 30-0 in. 
min in convenient steps by merely sub. 
stituting two gears. Maximum end play 
in the screw and nut is less than 
0.0018 in. A special continuous self. 
lubrication method is used on the acme 
screw, minimizing wear. Additional fea. 
ture is a positive mechanical jaw type 
stop at each end of the actuator. 

\ factory-adjusted overload clutch, 
which dissipates the extremely high 
forces encountered in impact stopping, 
is adjusted to slip at many times the 
maximum load expected to be moved by 
the actuator. Newly developed switch 
actuator combination eliminates source 
of many failures. Either internally or 
externally adjusted limit switches are 
available, as well as any type of rod 
end. Actuator is suitable for use in air- 
craft equipment and automatic control 
devices. John Oster Manufacturing Co.. 
Avionic Div., 1 Main St., Racine. Wis. 

> No. 33, Reader Inquiry F t ] 


24-HR TIME SWITCH FOR 
INTERMITTENT OPERATIONS 


Automatic control of intermittent opera- 
tions, including day or night shutdowns, 
is made possible by a 24-hr time switch 
that is especially adapted for cycling 
of processing equipment, heating, ven- 






stokers, and related equipment. 


Switch dial is scaled in 15-min gradu- 
ations which can be set for as many as 
48 “on” and 48 “off” operations, auto- 
matically repeating a 24-hr schedule. 
Adjustment for the complete schedule 


tilating and air conditioning systems, 


ELECTRICAL MANUFACTURING 
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for 
HEARING 
AIDS 


or 


RECORDING 


HEADS 


aS 


B02 STAINLESS CASE 


RANSFORMER 
4750 


(@e:: 
MAGNETIC AIR. RECEIVER 


COMPONENTS ~ 4750 


eT 





or ANY MAGNETIC MATERIALS JOB... 


Wile for 
Your Copy 


“MAGNETIC. 
MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tions, etc. Your copy gladly sent free. 


ADDRESS DEPT. EM-68 
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You can re/y on core materials like 
the Allegheny 4750 components illus- 
trated above, in your receivers, record- 
ing heads or microphone assemblies. 

In fact, whether your equipment is 
small or large, the extra-broad line 
of A-L magnetic materials will solve 
your magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 
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Here’s peak corrosion protection combined with 
conductivity, weldability and solderability. Here’s 
a finish that holds paint firmly, prevents underfilm 
corrosion. Here’s a line of attractive final finishes 
to add quality and sales-appeal. Here’s Iridite ... 
and here’s how you can use it: 


C AND CADMIUM you can get highly corrosion resistant 
finishes to meet any military or civilian specifica- 
tions and ranging in appearance from olive drab 
through sparkling bright and dyed colors. 

Iridite brightens copper, keeps it tarnish-free; also 
lets you drastically cut the cost of copper-chrome 
plating by reducing the need for buffing. 

Iridite gives you a choice of natural aluminum, a 
golden yellow or dye colored finishes. No special 
racks. No high temperatures. No long immersion. 
Process in bulk. 

Iridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE 1S EASY TO APPLY. Goes on at room temperature by dip, brush 
or spray. No electrolysis. No special equipment. No exhausts. No specially 
trained operators. Single dip for basic coatings. Double dip for dye colors. 
[he protective Iridite coating is not a superimposed film, cannot flake, 
chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write 


direct or call in your Iridite Field Engineer. He's listed under "Plating Supplies” in your 
classified telephone book. 
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Iridite is approved 
under government 
specifications 
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is made by sliding the self-contained, 
non-removable trip levers in or out on 
the dial. Switch is available with or 
without a calendar device to cut out 


| non-working days. 


Overall dimensions of the SPDT 
switch are 814 in. high, 61% in. wide 
and 41% in. deep. Rated capacity is 
1000 watts. Operates on 60 cycles a-c, 
110- or 240-volts. Zenith Electric Co., 
Inc., 152 West Walton St., Chicago 10, 
Il. 
ircle No. 34, Reader f it Page 23] 


ILLUMINATED PUSHBUTTON 
SWITCH 


Featuring an indicating light as an 
integral part of the button, compact 
pushbutton switch can be used in elee- 
tronic, aircraft, mobile, marine, and 
other a-c or d-c equipment using low 
voltages. Switch may be panel-mounted 





in groups on Il-in. centers. Among 
other features are low operating force 
and high pretravel. Overall length is 
3's2 in. 

Identified as catalogue listing 31PB1. 
switch is provided with a socket inside 
the head of the pushbutton for a single- 
contact miniature bayonet lamp. Incan- 
descent bulbs should be used with from 
6- to 28-volt d-c circuits; neon bulbs 
should be used with a_ resistor, on 
115-volt circuits. (Lamps are not sup- 
plied with the switches. ) 

Removable translucent pushbuttons, 
keyed to prevent rotation, are available 
in red or frosted white for use with 
incandescent bulbs, and in clear plastics 
for use with No. 51 neon buibs. Push- 
buttons must be ordered separately. 

A terminal block is provided; power 
to turn on the indicator light when the 
switch is operated must be picked up 
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FLAT CONTACT 


SPRING CONTACT 


VISUALIZATION OF BTB‘S SUPERIOR HOLDING POWER 


New “BTB” contact design has 
3 times greater holding power 


General Electric’s Accessory Equipment Department 
announces a new type contact for electric cord sets. 
It’s called the “BTB,” and has exceptional advan- 
tages over present types. This new contact eliminates 
accidental disconnects, prevents partial dislodgment 
that might cause overheating, holds firmly even in old 
or worn outlets—without damaging the receptacle. 
Tests show that “BTB” contacts have a holding 
power more than three times greater than standard 
flat contacts, and more than twice as great as other 


available spring types. The key to this extra holding 
power is a unique new precision-formed anchor loop. 
A special bowed-design contact ensures that the plug 
makes and holds a perfect electrical connection. 

And remember, General Electric’s exceptional pro- 
duction capacity and flexibility gives you fast, de- 
pendable delivery even on special items that are not 
stocked. For further information on “BTB” write the 
Accessory Equipment Department, General Electric 
Company, Bridgeport 2, Connecticut. 


Progress ls Our Most Important Product 
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NEW “BTB” CONTACT | 
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TETRASEAL 







GLASSMIKE PLASTIC 
FILM CAPACITORS 


‘‘Pyrex’”’ glass encased, plastic film dielectric, 
temperatures to 125°C. Insulation resistance to 
10,000 meg x mfd. Types for DC and RF 


PLASTICON PLASTIC 
FILM DC CAPACITORS 


- Voltage ranges from 600V DC to 
100KV DC or higher. Temperature characteris- 


PULSE FORMING NETWORKS 


Synthetic dielectrics for higher volt per mil 
loading and lower losses in capacitor dielec- 
tric. Stable performance at high temperatures. 
Ranges to 60KV. Designed to meet your require- 


PERFORMANCE 


AL RATEO! 


Original designers and manufacturers 


Condenser Products. 


15KV, and 30KV power supplies. 


Exceeds Jan C 91 electrical specifications. 
*DuPont trade name for Polyester Film. 


May we help solve your problems? Write, on company letterhead, stating your position. 


roducts Company 


Div. of New Haven Clock & Watch Co. 
140 HAMILTON ST., NEW HAVEN, CONN. 
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GOSHEN 
Your 
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can be held to 


write for Technical Bulletin No. 11. 


This safe, sure, low-cost seal may save you money and grief 
over the type you are now using . . 
cases moving applications. TETRASEAL rectangular-section 
rings by Goshen are non-laminated (in one homogeneous piece). 
Edges are accurately formed, and cross-sectional tolerances 
.004 depending on inside and outside 
diameter, on size of cross-section and on material desired. 
Now available in materials to meet MIL, AMS and commercial 
specifications. To find out what TETRASEAL can do for you, 


. in static, and in some 


See our “Facilities” catalog in Sweet's Product Design File. 
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AND 
CUSTOM 
DESIGNED 


Goshen Rubber Co. we. Goshen. Ind. 


CUSTOM DEVELOPMENT AND FABRICATION SINCE 1916 





2885 S. Tenth St. 


of Synthetic Dielectric Capacitors. We 
use plastic film dielectrics exclusively in 
our products. Where Size, Stability and 
Quality are essential, you can depend on 


<> HI-VOLT POWER 
f SUPPLIES 


Available from stock: 2KV, 5KV, 
10KV, 15KV, 30KV, 50KV. Oil-filled construction 
for smaller, lighter, more flexible units. Sepa- 
rate accessible compartment for rectifier tubes 
in SOKV model. Also available in the 5KV, 1OKV, 


ALL-PLASTIC MOLDED CAPACITORS 


Mylar* Molded Capacitors pioneered by CP. 





HEADQUARTERS 













from 





the circuit being switched by 
means of a direct connection or by 
using a relay. 

Each 31PB1 switch has one single- 
pole, double-throw subminiature basic 
switching unit rated at: 125 or 250 
volts a-c, 5 amp: 30 volts d-c indue- 
tive, 3 amp at sea level, 2.5 amp at 
50,000 ft; and 30 volts d-c resistive. 
4 amp at sea level, 4 amp at 50,000 ft. 
Maximum inrush, 15 amp. Micro Switch 
Div., Minneapolis-Honeywell Regulator 
Co., Freeport, Il. 

e No. 35, Reader 


MINIATURE MAGNETIC 
CLUTCH 


Excellent torque characteristics and 
high speed engagement and disengage- 
ment times make the Model 1507-1 
suitable for precise applications in 





guided missiles, high-accuracy com- 
puters and miniature servo systems. It 
has the same case size as a MK 14 
Mod 0 servo motor. Single-ended con- 
centric input and output shafts are 
located at the mounting end of the unit, 
permitting all gearing to be located at 
this end. Sterling Precision Instrument 
Corp., Instrument Div., 34-17 Lawrence 
St., Flushing 54, N. Y. 
No. 36, Reader Inquiry Facility 





1/3 HP VARIABLE 
SPEED REDUCER 


Infinitely variable speed reducer, Zero- 
Max Model 143, has a constant torque 
rating of 30-in.-lb throughout its speed 
range from true zero to 14 the input 
speed (0-450 rpm with an 1800-rpm 
input speed); at about 400 rpm, it is 
rated at 144 hp. Speed of the unit can 
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Se coreboard 


HE plotting board designed by Melpar Inc.— 


scoreboard of the new U.S. Air Force super- 
sonic simulator for F-100A planes—is another ex- 
ample of Atlas manufacturing ingenuity at work. 

Atlas specializes in ‘“‘precisioneering”’ electro- 
mechanical assemblies from the pilot stage to pro- 
duction efficiency. Furnishes the practical engi- 
neering step and the facilities between the idea 
and the production line. 

Bring your electro-mechanical designs to us. 
Our design, production and methods engineers, 


“ Fiove Mawiug Race 8 Agee 
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bmorrows Pilots 


tool makers and skilled mechanics are ready to 
work on your project on a job basis . . . as many 
men, machines and hours of work it requires 
and no more. Every modern tool and cost cutting 
technique is at your service to save you time 
and labor on a complete electro-mechanical as- 
sembly or a special part for electronic equipment. 
Write today for your copy of ‘‘Precisioneering 
Electro-Mechanical Equipment.’”? ATLAS PRE- 
CISION PRODUCTS CoO., Philadelphia 24, Pa. 
(Div. Prudential Industries). 


3 fee 
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Precision Froducers 
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ESR PLASTIC MOLDING — 


to critical engineering specifications 





American Insulator specializes in molding precision plastic parts 


that reduce final assembling and finishing costs for manufacturers. 


Since 1916, Aico molded plastics have helped many of America’s 
leading industries attain product improvement, quality refinement 
and reduction of manufacturing costs. Aico precision molded 
plastics are easily adapted to new or existing designs, and can be 
molded to the most critical tolerances. Aico offers you 3 valuable 
guides that let you decide, in the privacy of your own office, if you 
should convert your product to plastics. They're free . . . send 
coupon for your copy today. 


Can Aico Molded Plastics Help You? 


Send for these free guides . . . then, YOU decide. 


oo 

7 
a 
- 







ia ee? 
et ke Ces 
a 


; je solding 





AICO PLASTICS APPLICATOR... 10 selecting a single, fully-equipped 
tells at a glance which plastic is best molder Tells how to avoid annoyance 
_suited for your product, and how it and waste of split responsibilities. 
should be molded. REINFORCED PLASTICS BOOK... 
AICO FACILITIES BOOK... describes tells all about these amazing new ma- 
equipment needed to provide a com- terials that are strong as steel—light 
plete molding service. A valuable guide as aluminum. 


AMERICAN INSULATOR 


CORPORATION 
NEW FREEDOM, PENNSYLVANIA 








A complete plastics molding 
service including engineer- 
ing, mold building, com- 
pression, transfer, injection 
and cold molding plus the 
molding of reinforced 
fiberglas. 


Send me the Aico literature checked. 


(] Reinforced Plastics Book [—] Aico Facilities Book. 
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(] Aico Plastics Applicator 
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be changed even while running, by the 
finger-tip speed control lever. Model 
143 can run indefinitely in any speed 
position without 
speed will 


harm, and in zero 


operate without heat ex. 
pression. 

Weighing only 514 lb, Model 143 
finds incorporated such features as low 
sound level and compact size. Applica. 
tions: conveyors, applications in ma- 
chine tools, displays, medical equip. 
ment, and packaging and other 
machines. Revco Inc., 2 East Franklin, 
Minneapolis, Minn. 

Circle No. 37, Reader 
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MULTIBUTTON SWITCH 1t 
FOR APPLIANCES 


Providing multiples of 2 to 7 selective | {sosening 
circuits, as well as any combination of | *@'? Y 
: : 79 ‘ : danger 
circuits, Model 720 Multibutton switch 

is designed to selectively control a 
multiplicity of electrical loads in vari- 


ous combinations on electrical equip- 


ment and such appliances as electric} Nutand 


echanice 
as an 


ranges, automatic washers, window fans, 
drives and air conditioners. 
Switch 


spring-loaded 


consists of a cam bearing, 
blade operated by the 
angular torque motion of the plunger 
button. Each button is held by its own 
detent; it 
position without the manual operation 
of another button. Switch 
with up to 8 buttons; 
tact circuits are available. Four tap 
holes for No. 8-32 screws enable con- 


cannot be snapped out of 


is available 





momentary con- \e 


venient mounting in any position. 






Soreng Products Corp., 9555  Soreng 
Ave.. Schiller Park, Il. 
No. 38, R 
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SYNCHRONOUS TIMING 
MOTOR 

Torque rating of synchronous timing 
motor, Type 113, is 30 oz-in. at 1 rpm 
Applications include appliance timers, 
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vending machines and animated dis- 
' 
' 
‘ 
Wee. 
save tim 
free | 
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\sosening of ordinary nuts 
due to vibration is both 
dangerous and costly. 


Nut and lock washer are 
mechanically pre-assembled 
as an integral unit. 


iting KEPS is easier... Free 
uming action makes driving 
aster, Saves assembly time. 


Sample 
Kit 


Lock washers are essential 
for most applications, but 
often hard to handle. 


Shakeproof Lock Washers 
on KEPS lock tight because 
the teeth bite. 


Washers can't drop 
off, can't be wasted 
or ‘‘forgotten.” 


..»make your own tests! See for yourself how KEPS can 
have 'time in the assembly of your product. Write for your 


free sample kit today! 


NG 
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ORLD'S BROADEST LINE OF | 


SS-ASSEMBLY FASTENINGS 


. except when nuts 
and lock washers are 
PRE-ASSEMBLED ...as KEPS. 


Tapered-twisted teeth bite deep 


to set up powerful resistance 
to any backward rotation. 


Standards and specials 
meet a wide variety 
of requirements, 


Then, awkward and costly 
separate lock washer handling 
is eliminated. 


Spring tension makes each 
tooth bite even deeper as: 
vibration increases, 


With KEPS, you get 
tight, efficient fastening 
every time. 


SHAKEPROOF 


“Fas tentng Heads qua rfers”® 
DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Rd., Elgin, Illinois - Offices in Principal Cities 
In Canada: Canada Illinois Tools Limited, Toronto, Ontario 
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For Special-Purpose 


Generators (_“““ 
ene Neosat 


CAUee 


see PsH 


Producing generators for regular and special 
needs has long been a specialty of Harnisch- 
feger. Therefore, we are able to offer a wide 
range of generators for special applications 
based on proven standard designs. This gen- 
erator is a good case in point. It’s a 744-k.w. 
engine-driven unit for rail coach lighting... 
and is under-car installed, demanding small 
size and lasting, low-cost service. 


Extensive experience as both builder and user 
of electrical components gives P&H the ability 
and facilities to design and produce all types 
of special-purpose AC and DC generators up 
to 150 k.w. — as well as other electrical prod- 
ucts for your requirements. P&H Electrical 
Products Division, Harnischfeger Corporation, 
4400 West National Ave., Milwaukee 46, Wis. 


Write for details on P&H generators 
fo meet your special needs. 


where your 
“specials” are 
standard 


P&H power amplifiers for 
variable DC power. 


Modern ribbed frame 
motors. 


P&H Magnetorque® 
electric brakes and 
drive units. 


Plus .. . a wide range of 
other electrical products. 


HARNISCHFEGER 





plays. Right, left or oscillating shaft 
rotation is available. Motor runs equally 
well in any position. Other character. 
istics include instant start-stop (within 
2 cycles), truly synchronous operation, 
and a temperature rise of only 43 C 
Motor is 1]*i¢ in. deep x 1‘s in. diam, 
Weight: under 6 oz. 

Gear train is cylindrical: 1, 2. 4 and 
8 rpm output speeds are offered. An 
8-tooth shaft pinion is standard. Type 
113 can be supplied for 115 or 220 volts, 
50 and 60 cycles. The R. W. Cramer 
Co., Inc., Centerbrook, Conn. 

No. 39, Reé f 


EXPANDED-SCALE 
VOLTMETERS 


D-c expanded scale voltmeters foi panel 
mounting are accurate to 1% per cent 
of input voltage. Meters offer a linear 
scale that includes only the useful 
portion of the scale, in order to im- 


9b gy 


VOLTS 


prove readability. Standard base volt- 
ages range from 6.25 volts to 230 volts, 
with a span that can vary from 4 to 25 
per cent of base voltage. Hermetically 
sealed and ruggedized models meet 
military specifications for environmental 
conditions. Available are 2-45 in. and 
31% in. round or square, 41% in. round 
and 4 x 6 in. rectangular models. Arga 
Div., Beckman Instruments, Inc., 220 
Pasadena Ave., South, Pasadena 
Calif. 
No. 40, Re 


FHP MOTOR FOR 
MACHINE TOOLS 
Totally enclosed fan-cooled fractional- 
horsepower motor, especially designed 
for use on machine tools, is factory- 
lubricated for ten years’ service under 


ELECTRICAL MANUFACTURING 





| GUARANTEED 


TO MEET-ALL MIL. 
ENVIRONMENTAL 


When reliability under extreme 
conditions is essential—specify 
G-M Servo Motors! G-M has 
long specialized in supplying 
precision servo motors to the 
Military Avionic Industry, 
especially designed to meet 


military specifications for hu- 
midity, salt spray, tempera- 
ture, vibration and altitude. 
Whatever your needs, let G-M 
build a servo motor with the 
right characteristics to perform 
to your specifications. 


Write today for G-M charts, 


specifications, or consultation. 


Motor Generators 


AUGUST 1955 


By specializing in 
servo motors only—not 
systems—G-M gives 
you these advantages... 


@A broader line of servo motors 
in sizes and types to meet a wide 
range of applications. 


@ Servo motors available in all the 
standard sizes. 


@ Standard sizes specially modified 
to meet specific circuit requirements 
— available ona quick-service basis. 


@ Creative engineering in design- 
ing special motors with special 
characteristics. 


@ Faster production— better service. 


Re 


manufactured by the Components Division of 


G-M LABORATORIES INC. 
4338 N. Knox Avenue e Chicago 41 


Synchronous- 
Hysteresis Motors 


















MACHINING 


GRINDING 


LAPPING Parts for this piston 
and sleeve assembly 
were mated and lapped 
to a precision fit. Clearance 
tolerances were maintained 
on the assembly to less than 
.00006”. Inside diameter, 


concentricity and grooves were 


also held to very close tolerances. 


ACME CAN PRODUCE PRECISION PARTS 
OR ASSEMBLIES TO YOUR ORDER 


Acme will produce, to your specifications, finished 

hardened and ground parts from ferrous or other materials, 
complete from raw stock or from your semi-finished parts, 
in quantities from one to a million pieces. 


Parts can be produced as individual pieces or as assemblies, with 
or without pistons. Tolerances to within .00001” or less, and 
corresponding micro-inch finishes can be maintained. 


Acme’s modern plant contains over 250 

metal-working machines and 150 pieces of laboratory testing 

and inspecting equipment. Services include complete machining, heat 
treating, grinding, lapping and honing operations. 


For over 35 years Acme has been producing hardened and 
ground parts for thousands of satisfied customers. 


Send your prints and specifications to the factory 
for quotation, or request a representative to call on you. 


Write for literature or additional information. 


See our file in Sweet's. 


ACME INDUSTRIAL COMPANY 


204 N. LAFLIN STREET, CHICAGO 7, ILLINOIS 


Manufacturers of standard dowel pins « Chamfer micrometer gages * Drill ji 
bushings + Portable bench centers * Roughness comparison specimens * Hardene 
and ground parts manufactured to order 


& 


ACME 












normal machine-tool conditions. Use js 
made of a special motor grease highly 
resistant to oxidation and moisture. 

Suited for plugging service and dirty 
atmospheres, the motor features a 
welded-on steel base and ball bearing 
design for protection against shock 
and vibration, and to maintain accurate 
motor alignment. 

Built for frequent start-stop service, 
the motor has normal torque for start- 
ing, high pull-up torque for inertia 
loads, and high breakdown torque for 
peak loads. Use of Mylar polyester 
film, Formex wire, and Glyptal varnish 
assure resistance to heat, aging, mois- 
ture, and electrical stresses. 

Having horsepower ratings of 14. 14, 
14 and 34, the polyphase Model TEFC 
is available with speeds of 1725-1425 
and 1140-950 rpm at 60-50 cycles, and 
with voltages of 208-220/440, 220/380. 
and 550 volts. General Electric Co., 
1 River Rd.. Schenectady 5, N.Y. 

ircle No. 41, Reader Inquiry Facility, f 


ULTRA-SENSITIVE 
SNAP SWITCH 


Movement differential of only 0.0005 in. 
max and low actuating force. combined 
with high repeat accuracy. are features 
of Series WHB precision snap switches. 
Suitable for use in pressure-sensitive 





thermostatic controls and other devices, 
Series WHB is offered with three styles 
of over-travel plungers. Type WHBH-5 
has a stubby over-travel plunger with 
the tip of the plunger in operating posi- 
tion **42 in. from the centerline of the 
mounting holes. 

Type WHBJ-5 has a threaded sleeve 
1545 in. in diam with two solid and two 
self-locking nuts for single-hole panel 
assembly. Tip of the plunger in operat- 
ing position is °%64 in. from the back of 
the mounting panel and 1% in. from 
the centerline of the two mounting 
holes. Type WHBQ-5 has a small over- 
travel plunger, with the tip of the 
plunger, in operating position, 1‘64 in. 
from the centerline of the mounting 
holes. Type WHB-5 is the basic switch 
in this series. Underwriters’ Labora- 
tories’ listing is 15 amp, 125/240/480 
volts a-c. 

Design makes it easy to use standard 
connector lugs or merely to loop the 
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Rollpin is driven into holes 
drilled to normal production- 
line tolerances. 






AUGUST 1955 


a dowel 















this simple 
fastener ? 


No threading, peening or precision 
drilling with ROLLPIN 


Rollpin is the slotted tubular steel pin with chamfered ends that is 
cutting production and maintenance costs in every class of industry. 

This modern fastener drives easily into standard holes, com- 
pressing as driven. Its spring action locks it in place—regardless of 
impact loading, stress reversals or severe vibration. Rollpin is 


readily removable and can be re-used in the same hole. 


If you use locating dowels, hinge pins, rivets, set screws—or 
straight, knurled, tapered or cotter type pins—Rollpin can cut 


your costs. Mail our coupon for design information. 


Dept. R16-822, Elastic Stop Nut Corp. of America 
2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening information: 


| 

| 

| 
| 

CJ Rollpin bulletin (0 Here is a drawing of our 

a hinge pin product. What fastener 

(— Elastic Stop Nut bulletin would you suggest? | 

| 
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a set screw 


Name —Title 

Firm | 

Street 7 

City Zone___ State. 
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A Development Engineer at Kennecott Wire & Cable Co., 


he es 


examines finished magnet wire insulated with Chase Glasterra Tape. 


KENNECOTT CHOOSES 
CHASE GLASTERRA... 


“for Higher Dielectric Strength 


and Superior 


In their production 
of heat resistant magnet wire for 
transformer and motor windings, the 
Kennecott Wire and Cable Company 
is using Chase Glasterra insulation, 
after exhaustive tests of many 
materials. 

CHASE GLASTERRA is a lam- 
inate of purified asbestos and glass 
cloth bonded with organic resin or 
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Heat Stability’ 


silicone varnish, depending on the 
desired qualities. It is available in 
tapes, as used by Kennecott, and 
sheets or rolls. 
Glasterra is only one of many 
insulating materials made by Chase. 
Write for samples, and technical 
bulletins, giving a brief outline of 
your insulating needs. 
Chase & Sons, Inc., Randolph, Mass. 


CLASS “B” AND “H” INSULATION 
RUBBER AND PLASTIC COATINGS 


HIGH AND LOW VOLTAGE INSULATING TAPE 
FRICTION TAPE 


PLASTIC ELECTRICAL TAPE 
RUBBER SPLICING COMPOUND 
NEOPRENE SPLICING TAPE 


connecting wires around the © 


32 binding 
head Screws. 


Basic switch is 1%6 in. long, !%46 in. 


high (exclusive of the  overtravel 
plunger) and '%6 in. wide. Unimax 


Div.. The W. L. Maxson Corp.., 
West 34 St.. New York 1, N. Y. 
( No. 42, Reader ry t 
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OPEN-TYPE GEARED MOTORS 


Designed for overhanging or radial 
thrust loads, open-type geared motor 


offers dependability through use of 


double-supported gear shafts running in 
sintered bronze bearings: 


segetegenenene nie Lan TC ET TE TE TTI: 


heavy-duty 
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gears and output shaft: and _ helical 


pinion and gear in the first step. Bear- 
ings are assured long-life lubrication 
through extra-large oil wicks. 

Wide 
available: synchronous or non-synchro- 
nous unidirectional, or  non-synchro- 
reversible. Units offer starting 
torques up to 75 lb-in., and gear ratios 
from 4: to 30,000:1. Applications in- 
clude use in vending machines. office 
machines, and appliances. Barber-Col- 
man Co.. Rockford, Il. 

No. 43, Ré f 


selection of base 


motors is 


nous 


THERMISTOR-COMPENSATED 
PYROMETERS 


Addition of three sizes of sealed and 
ruggedized instruments to a_ line. of 
pyrometers makes available ten case 


styles including 4 black bakelite cases 
(2-4 and 3-'% in. round and square) 
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ENGINEERING DEPARTMENT -) 





For You...“Right-Now’ Help 
From an Emerson-Electric 
Motor-Drive Specialist 


What kind of motor-drive help do you 
need —now or later? If it has anything 
whatever to do with appliance motors, 
here’s your man—with a background 
of 65 years of specialized experience 
in power drives, he can give you val- 
uable on-the-spot help. 


An Emerson-Electric motor-drive spe- 
cialist will start at the beginning, or 
idea stage, of your problems—will stay 





For For 
Oil Burners 


Hermetic Motor 
Pumps Parts 


Emerson -Electric 


of St. Louis « Since 1890 


BRANCHES: 





Laundry Equipment 


with it through every phase of develop- 
ment, test and application stages—will 
work closely with your engineering and 
management personnel on any product 
or sales improvement you have in mind. 


Call an Emerson-Electric motor-drive 
specialist...even if you have no 
immediate problem, he’ll be glad to 
confer with you. He may be able to 
make a suggestion you'll find valuable. 
No obligation, of course. 


Emerson-Electric supplies motors for 
appliances and equipment principally 
in these classifications. Oil Burner + 
Blowers « Unit Heaters » Water Circu- 
lators « Air Conditioning * Washers « 
Driers  lroners ¢ Garbage Disposers « 
Water 


Refrigerators » Freezers « 


Pumps « Air Compressors 


Blowers 





[-] M 4017-C Integral 


Write THE EMERSON ELECTRIC MFG. CO., 
ST. LOUIS 21, MO., for bulletins listed below. 


[_] M 4017-A Capacitor-Start [-] M 4017-D Fan Duty 


[_] M 4017-B Split-Phase 


[|] M 4017-G Blower 


ee ee ee ee 


[_] M 4017-E Oil Burner 


] M 4017-F Jet Pump 


New York 7, N. Y., 11 Park Place « Chicago 23, Ill., 1623 S. Pulaski Road « Syracuse, N. Y., 209 Oakley Drive « Detroit 7, 


Mich., 1375 E. Jefferson Ave. « Los Angeles 42, Calif., 5415 York Blvd. * Davenport, Iowa, 617 Brady St. « Cincinnati 11, 


Ohio, 2917 Ratterman Ave. 
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Davohm Series 850 
Metal Film Resistor 


Perfect compromise between precision wire wound—and composition types 


This new precision film type resistor is hermetically sealed, 
highly stable, and has a temperature coefficient independ- 
ent of resistance value. The Davohm Series 850 is available 
in 1/2, 1 and 2 watt sizes; to tolerances of +1.0%, 
+0.5%, +0.25%; and, to any desired value. 


Temperature Cycling 


Low Temperature Exposure 


Short Time Overload 

Effect of Soldering 

Moisture Resistance 

Voltage Coefficient 

Load-Life (per 1000 hours) 
Temperature Coefficient (PPM/°C) 


Write for complete data. 


Available Through: THE DAVEN ELECTRONIC SALES CORP. 
Associated with: 


THE DA VEN co, 176 Central Ave. 
Newark 4, N. J. 


m \ WORLD'S LARGEST MANUFACTURER OF ATTENUATORS 


THE HOTTEST THING IN 
CARTRIDGE HEATING-UNIT HISTORY 


THE NEW WATLOW 


FIREROD 


anh Be spe gain 


A New high in Watt Densities and temperatures eu nUns 
rams eae de latel-le LE 


For convincing test-proof and other information, write 
Te Taeat ame 4 3.00) 8M Tie 


136 2 FE RG USON AVE. 
SAINT LOUIS 14, MO.) 


and 3 clear plastics case models. All 
have automatic bimetal cold junction 
compensation and thermistors for ac- 
curacy over wide variations of ambient 
temperature. 

Each has a screwdriver adjustor for 
setting the reading, when installed, 
to within 1 per cent accuracy. Seventeen 
temperature ranges are listed as stand- 
ard, covering from —400 to 3000 F. 
Corresponding centrigrade equivalents 
are shown on each dial. Sensitivity is 4 
ohms per millivolt. 

New ruggedized models 255 (2-Yin.) 
355 (3-¥ in.) and 455 (4-'% in.) offer 
same choice of temperature ranges and 
electrical specifications. Thermocouple 
calibrating resistor is supplied with 
each pyrometer. Assembly Products 
Inc., Chesterland, Ohio. 

No. 44, 


LAUNDRY CONTROL TIMER 

Timer, Class 9053 Type F, has been de- 
signed for launderette, industrial and 
institutional laundry or dry cleaning 
washers that utilize a motor-driven 


cylinder rotating in a shell—in which 
the washing process involves turning 
the cylinder in one direction, allowing 
it to drift to a stop, and then turning it 
in the reverse direction for the same 
number of revolutions. 

New timer permits setting of the run 
and drift timing periods by means of 
the dial on the time selector. Dial has 
markings indicating approximate timing 
periods required. Device operates over 
a wide timing range, incorporating 
a Telechron synchronous all-position 
motor. Reversals of from 1 to 6 per min 
can be obtained by using different 
motor speeds. 

Spring balanced,  switch-actuating 
levers minimize operational force and 
increase motor life. A mechanical in- 
terlock on these levers prevents both 
snap switches from being closed at the 
same time. 

Switch mechanism is a snap-action, 
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In addition to our regular line, we have been manufac- 
turing special vacuum processed rectifiers for almost 
fifteen years. During that time we have made more 
different kinds of rectifiers than anyone else. Conse- 
quently, there is greater possibility of duplicating a 
special application at Bradley than anywhere else. You 
‘an count, in all events, upon more experience in 
handling unusual problems — just as you can depend 
upon Bradley standard vacuum processed rectifiers to 
perform more dependably. 


RECTIFIER HANDBOOK 


Complete information for product designers. 
Most comprehensive manual available and 
kept up to date. Costs only $2.00. 


BRADLEY LABORATORIES, INC. 


168A Columbus Avenue, New Haven 11, Connecticut 





self-contained unit. Terminal clamps 


> : > have been added to the switch for 
Direct-reading, multi-purpose easier wiring. Square D Co., 4041 N., 


GENERATORS 


BASIC MOTOR DESIGN 
FOR POWER PACKAGES 


Alignment problems are said to be 
eliminated and 
duced with 





installation time re- 
packaged 


mounting of 
single-frame combinations of motors, 






' Fo 
eq 
10 to 21,000 MC P 
7 as 
at 
. . . to 
Hewlett-Packard offers eight precision B 
signal generators providing, collectively, 
direct-reading test signals between 10 
and 21,000 MC. Whether you are 
measuring gain, selectivity, sensitivity, ve a : 
image rejection ; driving bridges, slotted [ a. ae le 
. c 4 Sen wD pe 
lines, antennas, filter networks: deter- ~~ As ~ ms 
£ tad 
mining signal-noise ratio, SWR or trans- Motor, Brake & Motor, Fluid Couphing 
i ; aie ; Flind Coupling Brake & Reducer 
mission line characteristics, there is one 
of these wide range, high power instru- 
es Bn | brakes, fluid couplings and gear re- 
ments to answer the need. All have gu cers made possible by the Xpandable 
broadest usefulness, simple operation, asic motor design. Combinations are 


wide modulating, pulsing and other out- 
put choices. Direct output calibration ; 


no charts or tedious interpolation. 


achieved through the use of manufac- 
turer’s standard, interchangeable  as- 
semblies. Xpandable Power Packages 





are available in hundreds of single- 
frame combinations with different me- 
chanical and electrical characteristics. 
Ratings range from 1% through 15 hp. 
Reuland Electric Co., 3001 W. Mission 
Rd.. Alhambra, Calif. 

No. 46, Read 


a"! """ a 

“tut come 

eer ee a aon wae 
450 to 1,200 MC Output 0.1 uv to 0.5 v into 50 ohm load. 


Pulse, CW or AM to 5 mc. Direct calibration. 


Output 0.1 pv to 0.223 v into 50 ohm load. 
800 to 2,100 MC Pulse, CW or FM modulation. Direct calib. 


Output 0.1 pv to 0.223 v into 50 ohm load. 
Pulse, CW or FM modulation. Direct calib. 
Output 0.1 yv to 0.223 v into 50 ohm load. 
3,800 to 7,600 MC Pulse, CW, FM, square wave mod. Direct 
calib. , 
5 midget 
utput 0.1 sv to 0.071 v into 50 ohm load. m 
we ne ee ee Sane thermostats are 14 in. in diam. and less 
calib. ; 
; Output 1 wy watt to 10 mw. Internal or ex- than 2! 2 IM. 
15,000 to 21,000.MC | ternal pulse, FM, or square wave mod. 3,000.00 
Direct calib. ” 





1,200.00 





1,950.00 


MIDGET THERMOSTATS 
COVER WIDE 
TEMPERATURE RANGE 


Weighing approximately 1 oz, 


1,950.00 


2,250.00 


long. Designed for pre- 








ene 





| 
| HEWLETT-PACKARD COMPANY 
| Dept. E, 3037 Page Mill Road, Palo Alto, California 
Please send me complete information on: 
| -p-— — Signal Generator. = 
| Model No. : 
Name > 
® | Company ; 
Data subject to change without notice | Address a ae — 
Prices f.o.b. factory | 
| City Zone State 
{ 
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CAPACITO 





MICRO-MINIATURE 
For low voltage d-c miniaturized electronic 


equipment (hearing aids, walkie-talkies, 


paging systems). Ideal for transistorized 
assemblies. Ratings 1-8 uf at 4 v. d-c, 1 uf 
at 8 v. d-c, 0.5 uf at 16 v. d-c. Tolerance —0 
to +200%. Temp. range 
BULLETIN GEA-6065. 


—20 to +50° C. 





PERMAFIL-IMPREGNATED 


Designed to meet requirements of MIL-C- 
25A, characteristic K specifications, and are 
suitable for high-temperature operation. 
Ratings 0.05—1 uf at 400 v. d-c. Tolerance 
=10%. Temp. range —55 to +125° C. 
BULLETIN GEC-811. 





ENERGY STORAGE 


For use in high magnetic fields and high 
intensity arc discharge. Ratings: may be 
built as high as 2000 joules (watt-seconds). 
Tolerance +10%. BULLETIN GEA-4646. 






TANTALYTIC* 


For electronic equipment requiring small 
size, low leakage current, long shelf life, 
wide temperature range. Plain or etched 
foil, and polar or non-polar types, suitable 
for a-c or d-c. Ratings 0.25—580 uf, 3.75— 
150 v. Tolerance +20% (plain foil), —15 to 
+75% (etched). Temp. range —55 to 
+85° C. BULLETIN GEC-808. 


STANDARD COMMERCIAL 
For motors, filters, communication 


equip- 
ment, luminous-tube transformers, indus- 
trial control. Ratings dual rated units (a-c or 
d-c) rated at 0.01 —50 uf, at 236-660 v. a-c, 
400-1500 v. d-c. Single rated units also 


available. Tolerance +10%. Temp. range 
—55 to +85° C. BULLETIN GEC-809. 





NETWORK 


For guided missiles, aircraft, radar equip- 
ment. Ratings: built to user specifications. 


Temp. range —55 to +125° C, or to user 
specifications. BULLETIN GEA-4996. 


NOTE: All capacitance tolerances are given at +25° C. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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RS by General Electric 





METAL-CLAD TUBULAR 


For d-c uses where reliability under severe 
operating conditions is required (military 
electronic equipment). Ratings 0.001—1 uf 
at 100, 200, 300, 400 and 600 working v. d-c. 
(Can be applied to a-c circuits with adequate 
derating.) Tolerances +5, +10, or +20%. 
Temp. range —55 to +125° C. BULLETIN 
GEC-987. 


DRAWN-OVAL 
For air conditioning and refrigeration equip- 


ment, 
machines, voltage stabilizers. Single, dual 
or triple-section types. Ratings 1—20 uf at 
236-660 v. a-c, and 1-15 uf at 600-1500 v. 





fluorescent lamp ballasts, business 


d-c. Tolerance +10%. Temp. range —30 to 


+70° C. BULLETIN GEA-5777. 


*Reg. trademark of General Electric Company. 


SEND COUPON BELOW for complete in- 


formation about G-E capacitors. 





Gen-ral Electric Co. 
Section L 442-25 
Schenectady 5, N. Y. 


Please send me capacitor bulletins 
checked below. 


| 

| 

| 

| 

| 

| 

| [J] GEA-4646 C1) GEC-808 
| O GEA-4996 O GEC-809 
| (1) GEA-5777 O GEC-811 
| (1) GEA-6065 (i) GEC-987 
| 

| NONI onto orl ne ee 
: PR aca a oan de 
| I iiss el i 
| I ii ieee een 
| ocean Zone State... 

| 
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ALG ...+. SMALL IN SIZE 


Fansteel 


Sule 


ee 


es 


30.0 mfd in less than 0.03 cu. in. 


y 
x FANSTEEL METALLURGICAL CORPORATION 
mis Tell 


STTara ee ee 
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cise temperature control or heat detec- 
tion applications in heated equipment, 
bearings, pumps, and similar units, the 
midget Thermoswitch may be set to 
actuate at any specified temperature 
between —50 and 500 F. Contacts open 
when the temperature exceeds this set 
point; inverse action models are also 
available in which the contacts close 
above set point temperature. 

Available are a variety of head styles: 
a basic cartridge-style unit for inser- 
tion into a cylindrical cavity; two screw- 
in models with hexagonal heads for 
threading into 1- and %g-in. bushings 
or tapped holes; and a flange head unit 
for surface mounting. 

Thermostat is rated to handle an elec- 
trical load of 1 amp, 115 volts a-c. 
Larger loads can be handled with a re- 
lay. Cartridge bodies and mounting 
accessories are of polished stainless 
steel; wiring leads are Teflon-coated. 
Fenwal Inc., Ashland, Mass. 

Circle No. 47, Reader f lit 


GAS THYRATRON FOR 
MOTOR-CONTROL SERVICE 


Improved version of the 3D22, the 
3D22-A features a greatly strengthened 
mount structure. It is a sensitive, four- 
electrode, xenon thyratron for use in 
relay and grid-controlled rectifier ap- 


plications, particularly those involving 
motor-control service. Sturdy structure 
and single-ended construction eliminate 
bulb terminals with their attendant 
flexible leads. Full ratings may be used 
at altitudes up to about 10,000 ft. 

Like the 3D22, the new 3D22-A has 
a negative-control characteristic essen- 
tially independent of ambient tempera- 
ture over an operating range from —75 
to 90 C. Other characteristics include 
small preconduction currents, low con- 
trol-grid-to-anode capacitance, and low 
control-grid current. 

When used for d-c voltage control, 
two 3D22-A’s in a full-wave circuit with 
resistive load are capable of handling 
up to 660 watts at a d-c output voltage 
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up to about 410 volts. When used for | 
a-c voltage control, two 3D22-A’s in a 


full-wave circuit are capable of han- SMALL IN SIZE.... 44 


dling up to 800 watts. Tube Div., Radio 


Corporation of America, Bldg. 17-3, 
Harrison, N.J. 
Circle No. 48, Reader Inquiry Facility, Page 231 | 


FHP COMMUTATOR MOTOR Hi 
FOR A-C AND D-C SERVICE 


Suitable for use on various domestic 
appliances, as well as for automobile 
window lifts, windshield wipers, air | 
conditioners, and marine and other 
equipment, commutator MicroMotor. 


BRN HTT 


) a 
P= og =. 
= iE 
~~ Sad 
a = 


ALISA VS 


STAAL 


RECTIFIERS 


| about Ys the size and % the weight of a 
T se ; , Ee ade iia egfe 
Type TW, s wound lor both a-( and | comparably rated standard rectifier 
d-c. Type TW is available in ratings | 


from 400 hp at 1500 rpm to 44 hp at | Y 
15.000 rpm. 
Feature of the Type TW motor is the | 
skewing of the field laminations while | 
straight slots are used in the armature | 
to facilitate armature winding opera- | 
tions. Another design feature is the | 
Uni-Cast field: Laminations are stacked 
and die cast together under pressure to 
eliminate shifting and vibration during | 
motor operation. Completed core, bear- | 
ing, shafting, and commutators are pre- | 
cision machined to assure quiet opera- 
tion and long life. Redmond Co., Inc., | 
Owosso, Mich. | 
Circle No. 49, Reader Inquiry Facility, Page 231 | 


THIN-PACKAGE ACTUATORS 
FOR WIDE LOAD RANGES 


Complete coverage of the 0-7000 Ib 
operating-load range is now provided 
by a family of “thin-package” linear ac- 
tuators, with the recent addition of 
series 434 and 435 to the previously 
announced 413 series. 

Typical envelope sizes of representa- 


ve 
FANSTEEL METALLURGICAL CORPORATION nN 
melts ee oe ee 


eee eee eee 600d UO ON ee ee 
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| — Zs : | tive units are 1.8 x 3.7 in. for the 413 


: series, 2.6 x 4.9 for the 434 series. and 
| een 3.x 5 in. for the 435 series. Representa- 
ee ee > assistants tive weights are 1.7, 5. and 9.9 |b. | 
respectively. 


for... Typical maximum operating loads, 
maximum static loads, and ultimate 
static strength in tension and compres- 
sion are 500, 1300. and 2000 Ib. re 
spectively, for the Series 413; 2000, 
5000. and 9000 Ib, respectively. for the 


BMlectron 5000. and ‘ 
Series 434; and 7000, 10.000. and 


_ ; 15.000 Ib, respectively for the Series 


a 


135. Voltage requirements are standard 


26 volts d-c: 115 volts, single-phase, 
7" 11LlbD0 ee = | 400-cycle a-c; or 200 volts,. three-phase, 
100-cycle a-c. 
The actuators incorporate stroke-limit 





| switches which are adjusted externally 
by means of two setscrews located on 
the housing. Other features include an 
adjustable load-limit clutch and an in- 
| tegral radio-noise filter. Lear. Ine.. 


The Electron Tube Laboratory is engaged 


in research and development in 





the fields of direct-viewing storage tubes ene Rapids, mee 
-———— oe and microwave tubes. The personnel eae ee 
comprises men with many years’ 
experience in the field of electron tubes MAGNETIC PLASTICS CORE } 
and their applications. WITH HEAT RESISTANCE, | 
HIGH IMPACT STRENGTH ' 


| High temperature stability. high impact 
= strength and excellent) machinability 
| | are characteristics of a magnetic plas- 





tics core designed for high-frequency 


Very new developments in microwave and display tubes have | | 
created a number of openings at the research and development 
level for Laboratory Assistants. At Hughes, engineers, scien- | 
tists and technicians develop their ideas from inception to quan- 

tity production. Thus, assistants working with electron tube 
products have unlimited scope for applying their talents and 

skills to a wide range of military and commercial uses. 





You should qualify in any 3 of the following areas: 





Electron Circuitry and Test 
Equipment Construction 





Mechanics and Benchwork Skills 


applications. Known as Ferrotron 119, 


Tube Fabrication Techniques 
High Vacuum Techniques 


Microwave Testing material is an iron powder combined ‘ 


with a plastics substance. 
ee ee Tests show the core to be heat-resist- 
ant up to 200 C (392 F). Material 


maintains high impact strength at tem- 


Precision Assembly 


peratures as low as 100 C. In tests 


Scientific devised by fabricator the core has 
and | demonstrated impact strength as great 
Engineering ra U G me = Ss as 40 times that of conventional high- 
frequency core materials. 
Staff frequency I d 


Constant magnetic permeability with 
frequency through 15 me is another 
characteristic of the core. Tests have 
also indicated that the core has ex- 
tremely low magnetic loss tangent. 
Slugs are available in sizes ranging 


Research and Development Laboratories 


Culver City, Los Angeles County, California 
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New Coil Winders Aid Production Flow 


Standard Motor 
Products Inc. uses 
Leesona No. 107 Automatic 
Coil Winders to integrate 
production output 


Once again Leesona Coil Winders 
prove their ability to deliver faster, 
more efficient performance. 

Here is what H. O. Rosenstein, V.P., 
of Standard Motor Products Inc., Long 
Island City, N. Y., has to say about 
their No. 107 Coil Winders: 


oe **Perfect timing with our produc- 
- paneeeeneene tion schedule has been achieved by 
Se aaaamenell ay the installation of Leesona No. 107 
Automatic Coil Winders for wind- 
ing our ignition secondaries. Re- 
sults have lived up to every expec- 
tation. The new Leesona No. 107 Ma- 
chines are great performers. Their 
automatic operation gives us exactly 
the precision accuracy we want — 
plus perfect coordination with our 
general production flow.” 


Reports like this are familiar stories 
wherever plants have modernized with 
Leesona No. 107 Coil Winders. And 
they give you a good idea of how these 
advanced machines can benefit your 
own coil winding operations. 


Get All The Facts 

on the Leesona No. 107 Coil Winder. 
Send the coupon for a new, illustrated 
bulletin describing how every feature 
is designed to produce compact, uni- 
form paper-insulated coils — in fastest 
time — with minimum operator atten- 
tion — at lowest cost. 














The Leesona No. 107 Automatic Coil Winder 
winds 4 to 30 paper-insulated coils in stick form 


ae ead how you can step u r coil 
simultaneously. Handles wire sizes from No. 19 7 oe Cah SO a Pe f 
to No. 42 (B&S). Automatic operation elimi- winding proc uction to new, pro! t- 
nates human error, and the smooth electronic boosting efficiency — with the machine 


drive reduces wire breakage to a minimum. 


that’s the last word in automatic coil 
Standard Motor Products’ installation of fast, 


— oe winder design. The coupon also lists 
accurate No. 107 machines is speeding produc- sop Inchllel sath uote teal ti 
tion of Blue Streak and Standard ignition coils other heiptul coul winding information. 
(inset). Why not check and mail it today? 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 138 
Please send me 


[| Bulletin on the Leesona No. 107 Automatic Coil Winder. 
[| Condensed catalog of Leesona Winders. 


1 

| 

| 

I 

| 

| 

| 

[| Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 
| 

| 

| 

| 

| 

! 

‘ 


coil winding machinery. 


FOR WINDING COILS 
IN QUANTITY...ACCURATELY 
..» AUTOMATICALLY ...USE 
UNIVERSAL WINDING MACHINES 


CHOSE EEE EHH EEE EEE HEHEHE HEHEHE HEH HEHEHE EEE EEE 
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SYSTEM 
STABILITY 










(shown % size) 


(shown } size) 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Reaceners Her- 
metic Rotary Seals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 
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A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 






There is no one “‘cure all” for system instability. The desired stability of a 
servo loop is attained through the proper selection of components that satisfy 
the various conditions under which the loop will operate. Kearfott offers four 
basic motors and combinations for providing system stability. All feature high 
speed of response; Jow inertia and high stall torque. 


SERVO MOTORS: Servo motors with high torque 
to inertia characteristics possessing (built-in) 
inherent damping ranging in size from %" to 
134" diameter are available. Low speed, low 
power motors for use in simple instrument servos 
where high damping and/or low time constant is 
required can also be provided. 


VISCOUS DAMPED SERVO MOTORS: Provide 
integral viscous damping for simple instrument 
servos. Any degree of damping can be provided. 
These units reduce no load speed of standard 
motors to 50% or 75% of normal, providing 70% 
or 50% of critical damping respectively. 


(shown approximately 
A size) 







INERTIAL DAMPED MOTORS: Integral inertial- 
ly damped motors for use in high speed and/or 
high gain servo systems—damping on acceleration 
or deceleration basis with little loss in normal 
no load speed. These units make possible system 
cut off frequencies up to 25 cps using magnetic 
amplifiers. 


SERVO MOTOR TACHOMETER GENERATORS: 
For system stabilization by voltage feedback from 
an integral tachometer generator. May be ob- 
tained as damping generators for use in simple 
rate servos or as rate damping generators for use 
in very high gain systems. The latter feature high 
linearity, high output and maximum output to 
fundamental null ratios. 


These servo motors are suitable for most exacting 
requirements. Write today for descriptive bulletin 
giving data of components of interest to you. 







eCarfott 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
" Midwest Office: 188 W. Randolph Street, Chicago, Ill. 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


South Central Office: 6115 Denton Drive, Dallas, Texas 


from 1%-2 in. OD x 1 in. long. The 


Polymer Corp.. 2120 Fairmont Ave., 
Reading, Pa. 
No. 51, Reader Inquiry Facility, page 


PLUG-IN TUBULAR 
CAPACITORS FOR 
PRINTED CIRCUITS 


Phenolic-cased plug-in paper tubular 
capacitors, Type BC, are especially 


designed for use with printed circuits. 
They are encased in molded phenolic 
shells with two parallel lead wire ter- 
minals brought out from the end of the 
capacitor through a thermosetting plas- 





tics end fill compound and spaced a 
fixed distance apart so that they may 
be plugged directly into printed cir- 
cuits and dip-soldered. 

Distortion and inherent in 
pressure-molded assemblies are elimi- 
nated by inserting the capacitor section 
in a pre-molded, mineral-filled phenolic 
shell. The capacitor element, which is 
wound from aluminum foil and tissue, 
is sealed within the case by Polykane, 
which bonds to the container wall and 
wire leads, barring moisture creepage 
yet holding the lead wires rigidly in 
place. To assure low resistance elec- 
trical the 
soldered directly to the extended foils of 
the capacitor element. Cornell-Dubilier 
Electric Corp., South Plainfield, N. J. 
Circle No. 52, Re ry | lit l 


stresses 


connections, lead wires are 


CORROSION-RESISTANT 
SERVO MOTORS FOR HIGH- 
TEMPERATURE APPLICATIONS 


Corrosion-resistant low-inertia servo 
motors are designed primarily for ap- 


plications involving accelerated environ- 
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ow-the 9101 “Family” 


The Cutler-Hammer Line of 
fractional horsepower manual starters now includes 
new mechanisms, new styling, new uses 


In order to meet the ever-growing needs of the 
market with a starter of proven design, 
Cutler-Hammer now brings out a complete 
family of Bulletin 9101 Manual Starters for 
fractional horsepower motors. 

This family now includes the standard 
starter with motor-running indicating light, 
with standard or with high-visibility lenses. 
It now includes a standard switch together 
with transfer switch to automatic operation 
with padlocking provision. It now includes a 
**2 in one’’ model, two starters in one case for 
controlling 2 motors from a single station. 

Another feature of great interest is the op- 
tional brushed stainless steel flush plate for 
installations such as hospitals, modern office 
buildings, etc. Conventional finish is gray 
baked enamel on a bonderized undercoat. 

9101 starters are available for mounting in 
a standard Gem or Handy outlet box; for 
flush mounting; for surface mounting. The 
9101 is a high-quality line at no premium cost. 
Its features include single or double pole, 
quick make and break silver contacts; eutectic 
alloy overload protection; straight-through 
wiring; wrap around covers, etc., etc. Avail- 
able at your authorized Cutler-Hammer dis- 
tributor. CUTLER-HAMMER, Inc., 1264 
St. Paul Ave., Milwaukee 1, Wis. Associate: 
Canadian Cutler-Hammer, Ltd., Toronto, Ont. 

VISIT US at the 


PRODUCTION ENGINEERING SHOW 
Navy Pier, Chicago, BOOTHS 423 and 424 
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A. Starter in NEMA 7 or 9 Special Service Enclosures. 









Open type, mount- Skeleton starter Enclosed surface 
ing in Gem or Han- with flush-mounting mounting construc- 
dy outlet box. 


plate. tion, 


wees 





B. Duplex starter in NEMA 4 or 5 Special Service Enclosure. 


a an 


ee el: 


211 








j 
‘ 


212 


for absolute reliability in 


RAYDIST 


ultra-sensitive 
electronic 
tracking systems 


THE 
LOGICAL 
CHOICE 
--WAS 


“UHUAG 


Raydist, designed and built by the 
Hastings Instrument Company, Inc., 
of Hampton, Virginia, is a remark-: 
ably precise and sensitive electronic 
radio location system. Raydist sys- 
tems are used for air and marine 
navigation tracking, marine geo- 
physical surveying, chartmaking, 
meteorological studies and a host 
of applications requiring infinitely 
accurate tracking and plotting. 


Because Raydist precision perform- 
ance is dependent upon the quality 
of the components used, Hastings 
specifies and uses CHICAGO 
MIL-T-27 hermetically sealed 
transformers. 


Wherever absolute reliability J 
and optimum precision are es- 
sential, you'll find CHICAGO, 
truly the world’s toughest trans- 
formers. 


CHICAGO STANDARD 


TRANSFORMER CORPORATION 


Addison and Elston « Chicago 18, Illinois 







This power supply, shown 
with the Raydist mobile 
electronic tracking system, 
is typical of the use of 
CHICAGO transformers 
in Raydist equipment. 


the World Toughest 
TRANSFORMERS 





CHICAGO MIL-T-27 
Sealed-in-Steel Transformer 








a SES 


FREE: CHICAGO Cata- 
log CT-554, listing over 
500 Sealed-in- Steel 
transformers. Available 
from your parts distri- 
butor. 


EXPORT SALES: 
Roburn Agencies, Inc. 
431 Greenwich St. 
New York 13, N.Y. 
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conditions. They will operate 


| under load conditions for 300 hr at a 


maximum ambient temperature of 163 
C. or they can be cycled for 1000 hr 
in an ambient temperature range from 
—55 to 163 C without relubrication of 
the bearings. Motors are designed for 
use up to 80,000 ft at maximum ambi- 


| ent temperature. Temperature compen- 
| sation insures minimum change in per- 


formance characteristics over the tem- 
perature Units were designed 
to meet the humidity requirements of 
MIL-E-5272A, Procedure I. 

The available units include various 
speed-torque combinations, and may be 
procured with an integral generator 
if desired. Typical characteristics for 
one specific motor include: — stator 
winding, 2 phase, 6-pole, 400-cycles; 
stall torque, 3.0 oz.-in.; and _ no-load 
speed 7000 rpm. Weight, 20 oz. Dimen- 
sions: diameter, 2 in.; length, 2.421 in. 
Eclipse-Pioneer Div., Bendix Aviation 
Corp.. Route 6, Teterboro, N.J. 
ircle No. 53, Reader Inquiry Facility, Page 
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MECHANICAL SEAL 


Designed for use on rotary shafts at 
pressures up to 150 psi, new mechan- 
ical seal, the BB-21A Mechanipak, 
is furnished completely assembled, 
ready to install. Standard construction 








includes brass shell, brass washer, and 
Buna-N_ bellows. 


for shafts from 


available 
$2 in. to 3 in. diam. 
Buna-N or neoprene bellows are fur- 


Seals are 


nished for operating temperatures up 
to 212 F and pressures up to 150 psi. 
Silicone bellows are provided for tem- 
peratures up to 400 F where pressures 
do not exceed 50 psi. 

Model BB-21A seals are designed for 
use on rotary shafts of such equipment 
as centrifugal pumps, automatic dish- 
washing machines, commercial dish- 
washers, gear boxes, speed reducers, 
and agitators. Advantages provided by 
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“OUR PRODUCTION INCREASED 50%, and probably even more since the use of 
power drivers made possible by Phillips head screws,” says the Plant Man- 
ager of Yankee Metal Products Corporation of Norwalk, Connecticut. 
“Greatest invention since the automobile. We use Phillips screw heads 


every place we can,”’ Mr. Putterman enthusiastically adds. 


eae ed ae 


QUICKER PRODUCTION WITH 
STRONGER CONSTRUCTION 


...thanks to Phillips Cross-Recessed-Head Screws 


a THE FASTENERS OF TODAY... 
- AND OF THE FUTURE 

MM marks the spot 
the mark of extra quality 


= 
+S 
S 


o 


Bi ae y 
Loss Frees 


Allmetal Screw Products Company, Inc. « American Screw Company « Atlantic Screw 
Works, Inc. « The Blake & Johnson Co. + Central Screw Company « Continental Screw 
Company » The Eagle Lock Company « Elco Tool and Screw Corporation + Great Lakes 
Screw Corporation « The H. M. Harper Co. « The Lamson & Sessions Company 
National Lock Company « The National Screw & Manufacturing Co. » Parker-Kalon 
Div. General American Transportation Corporation « Pheoll Manufacturing Company 
Rockford Screw Products Company « Scovill Manufacturing Company + Shakeproof 
Division Illinois Tool Works » The Southington Hardware Manufacturing Company 
Sterling Bolt Company »* Universal Screw Company + Wales-Beech Corporation 


‘“‘HOUSEHOLD TINKERING IS PREVENTED with 
Phillips Cross-Recessed-Head Screws,” 
says the chimes foreman of Nutone, In- 
corporated of Cincinnati, Ohio. ‘‘The 
Phillips screw has been used for some time 
in the solenoid motor assembly for our 
electric chimes to hold the switch lever 
arm in place and prevents tinkering with 
its delicate adjustment.”’ 


EASIER ASSEMBLY AND GREATER STRENGTH 
of electronic relays is realized by the C. P. 
Clare & Co. of Chicago, Illinois. The shop 
superintendent says, “Ordinary screws 
would snap under the severe strain they 
receive in our relays, but not Phillips 
Cross-Recessed-Head Screws. They do 
their job every day, relay after relay.” 
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Your product benefits 
3 ways from the use 
of a DIALCO Pilot Light: 


Enhanced appearance: 
The glow of light and 
sparkle of a lens add 
colorful visual attraction. 
Greater safety: A timely 
warning flashed by a 
pilot light can prevent 
damage to equipment. 
Added service: Discs 
inserted behind lenses 
can be used to deliver 
specific messages, such 
as “FUEL LOW”, 
“ON”, “OFF”, etc. 


Let the Dialco engi- 
neering department as- 
sist you in selecting 
the right lamp and 
the most suitable pilot 
light for your needs. 


Dialco offers the com- 
plete line of pilot 
lights, from sub-mini- 
ature types to giant 
units with 11” lenses. 


Every assembly is avail- 
able complete with lamp. 


SAMPLES ON RE- 
QUEST AT ONCE — 
NO CHARGE 


Illustrations are ap- 
prox. 70% actual size 
...+(A) No. 8-1930- 
111 sub-miniature 
pilot light ...(B) No. 
§21308-991, with mul- 
tivue cap...(C) No. 
922210-111, dimmer 
type...(D) No. 47901 
with light shield cap. 


Write for Catalogues 
L-151, L-153, and L-154 





Foremost Manutacturer of Pilot Lights 


DIALIGHT 


CORPORATION 


60 STEWART AVE. © BROOKLYN 37, WN. Y. 
HYACINTH 7-7600 é 





a 


Cm 
PLANT AT 
BROOKLYN, N.Y. 


seals include elimination of wear on 
shafts and shaft sleeves, as well as 
of fluid leakage. The Garlock Packing 
Co., Palmyra, N. Y. 

No. 54, Reader juiry Facility 


1 PER CENT RESISTOR TAKES 
FULL LOAD AT 120 C 
Performance of 1 per cent resistor is 
said to exceed MIL-R-10509A_ specifi- 
cations. Taking full power at ambient 
temperatures up to 120 C, the resistor, 





























called the Polyohm, is useful in air- 
craft, guided missiles, and other high- 
ambient-temperature applications. 

Incorporating an evaporated metal 
film resistive element, the Polyohm is 
also suited for applications where con- 
ventional wirewound resistors may be 
too expensive or bulky, or where the 
effect of their inductive and capacitive 
reactance cannot be tolerated. Resistor 
is said to remain well within its 1 per 
cent tolerance even under conditions of 
high humidity. Its temperature coefh- 
cient is —150 ppm/C, which is lower 
than both the R and X characteristics. 
Resistors are manufactured in 14-, 1-, 
and 2-watt sizes. Facilities are control- 
led by the Signal Corps. Resistors are 
presently available only for government 
end use. Polytechnic Research & Devel- 
opment Co., Inc., 202 Tillary St., Brook- 
lyn 1, N. Y. 

No. 55, | 


24-IN.-WIDE TEFLON TAPE 
Kelon-T (Teflon) 


applications is now available in quan- 


tape for electrical 


tity in widths up to 24 in. Thicknesses 
from 0.005 to 0.125 in. 


vary 
Non-adhesive and chemically inert, 
Kelon-T tape possesses the inherent 


properties of Teflon including tough- 
ness, excellent electrical properties and 
abrasion and 
chemicals at high and low temperatures. 

With uniform dielectric constant and 


resistance to corrosive 










bE hor 
PRECISION QUALITY 


components 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 


ALLOYS, KOVAR 





Quality controlled 
throughout production with 
Tungsten hard glass leads produced 
under General Electric Timing Control. 
Each tungsten lead is microspecially 
inspected for flaws. DKE offers highest 
quality and LOW PRICES. Send 
drawings for quotations and let us 
prove the economy of our prices. 


The Engineering 
Company can give you 
immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus- 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
TUBE BASES 









have, § - i : 
CALL OR WRITE FOR QUOTATIONS 
ON YOUR SPECIFIC REQUIREMENTS 


_we BINGINEBTING co. 


L 27 WRIGHT ST., NEWARK 5,N.J. } 
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NOW YOU CAN GET BETTER 


COOLING! 


Miniaturized blower is 1% inches in diameter, contains 
tiny Pesco motor. Rating: 16 cfm @ .75’' pressure w.g. 





COMPLETE LINE 





Units for a-c or d-c operation have 
capacities from 16 to 750 cfm. 





° 10 20 30 40 so 60 70 80 
AIR FLOW IN CUBIC FEET PER MINUTE 


TOTAL EFFICIENCY OF TYPICAL PESCO AXIAL FLOW BLOWER 
2.75" BLADE TIP DIA.- 28v D.C 


Design assures efficiencies unexcelled 
in comparable “package” sizes. 





4 
—.4%, or oe 
ee — 





2 60 DIA 





High air displacement and pressure 
achieved with minimum size and weight. 


new Pesco axial flow blowers 


e@eeeeae028de 6 


More efficient air delivery or exhaust is 
possible with the new Axial Flow Blowers 
now manufactured by Pesco. Engineered 
by a leading British firm, these advanced 
design blowers have been proved under 
tough service conditions. They provide 
better cooling, heating or ventilating for 
a wide variety of aircraft and industrial 
applications. 

Pesco® Axial Flow Blowers are self- 


~Nee,> 
\ ry 





PRODUCTS DIVISION — 
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BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD 


contained package units which save space 
and permit more flexible product design. 
They incorporate a rotor direct coupled 
to a Pesco Electric Motor for efficient 
air flow. 

An outstanding characteristic of this 
new Pesco product is the high capacities 
obtained with minimum power. Careful 
aerodynamic design assures optimum 
efficiency with axial air flow. PEsco 
Blowers withstand severe conditions of 
shock, temperature, pressure, altitude, 
humidity and duty cycle. Rated for con- 





tinuous operation at high ambient tem- 
peratures, they perform in any position. 
Dynamic balancing assures quiet, vibra- 
tion-free operation. Flange or clip 
mounting is optional. 

Before you proceed with the design or 
re-design of any equipment requiring 
localized heating or cooling, investigate 
the better performance now possible with 
Pesco Axial Flow Blowers. For com- 
plete details, contact your local Pesco 
representative or write: Pesco, 24700 
North Miles Road, Bedford, Ohio. 


TNT 





° BEDFORD, OHIO 
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SELENIUM 
POWER RECTIFIERS 


feature “Solid Stack” assembly 


An outstanding feature of the new 
line of UNION Selenium Power Rec- 
tifiers, as shown in this cutaway 
view, is the “solid stack” assembly. 
All parts are under constant pres- 
sure exerted by Belleville springs at 
the ends of the stack. Spacer washers 
are larger than those commonly used 
and are finished flat to close toler- 
ances to assure high pressure con- 
tact. This feature provides utmost 
rigidity and far more resistance to 
vibration. It eliminates radial move- 
ment and prevents breaks in the 
paint seal. 

The selenium cells are made by a 
special, carefully-controlled process 
which assures uniform high quality 
and better performance. Corners are 
rounded instead of sharp for safety 
and to assure an unbroken protec- 
tive coating. Connectors are made of 
brass or bronze for long service life. 





SIZES AND RATINGS — The 
standard line of UNION selenium 
rectifier cells ranges in physical size 
from 1” square to 5” x 6”. With con- 
vection cooling they are rated from 
.180 to 10.0 amperes per cell on a 
single phase fullwave bridge basis. 
A plurality of cells can be ‘“‘stacked”’ 
in series, parallel or series-parallel 
combinations to fit practically any 
current and voltage conversion re- 
quirement. The stack assemblies 
conform to NEMA specifications. 

The result of more than 30 years 
experience, UNION Rectifiers will 
give years of lasting service in many 
applications. Write or call any of 
our distributors listed below for 
complete information. 


VISIT BOOTHS 262-263 at the 


WESCON SHOW 
August 24-26, San Francisco, Calif. 





GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18 SN PENNSYLVANIA 


NEW YORK, IVanhoe 3-2424 (Hempstead) 


BALTIMORE, VAlley 5-3431 
LONDON, OHIO, LOndon 1555 
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ST. LOUIS, JEfferson 5-7300 


CHICAGO, LOngbeach 1-3042 
LOS ANGELES, Clinton 6-2255 


power factor from —300 to 300 F, 
Kelon-T tape is useful in motors and 
generators as conductor insulation for 
armature or field, coil wrappers, slot lin. 
ers, taping of coils, lead insulation, and 
coil separators within slots. Other appli- 
cations include high-temperature-resist- 
ant capacitors, layer insulation and coil 
separators. W. S. Shamban & Co. 
11617 W. Jefferson Blvd., Culver City, 
Calif. 
No. 56, 


SPLICE CAPS WITH SNAP-ON 
NYLON INSULATORS 


Snap-on-lock design of nylon insulators 
for splice caps eliminates need for 
threading, wrapping, or twisting of in- 
sulator during installation and any 
possibility of its loosening in service. 
Ease of installation and security of at- 





tachment are made possible by one- 
piece nylon construction with internal 
metallic retainer ring, which allows the 
insulator to be quickly snapped in place 
over an installed splice cap and yet 
prevents its accidental removal in serv- 
ice. Translucent nylon body of insulator 
permits easy inspection of completed 
splice. 

Snap-on insulators are available in 
two sizes for use with two. sizes of 
manufacturer's Splice Caps. which 
splice normal circuit wiring from two 
No. 18's through three No. 8's or two 
No. 6's. Approved by both Underwrit- 
ers’ Laboratories, Inc.. and Canadian 
Standards Association in applications 
up to 105 C, insulator may be used on 
all manufacturer’s Splice Caps installed 
with his standard C-24 pres-Sure-tool. 
Buchanan Electrical Products Corp., 
Hillside, N. J. 


Circle No. 57, Reader Inquiry Facility, page 231 
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KEEPS DIRT OUT OF ENGINES, SCRATCHES 


We’re showing you these examples 
of Polyken Tape doing two entirely 
different jobs to illustrate what we 
call controlled strength. 

The example at left shows one 
Polyken Tape being used to seal the 
exhaust and carburetor ports in air- 
craft engines to keep foreign matter 
out of the moving parts during over- 
haul. The tape provides ease of 
application, high resistance to punc- 


Polukeni 


INDUSTRIAL TAPES 


Polyken Products Department of The Kendall Company 


AUGUST 1955 


pa a 


ture, and clean pull-off qualities. 

The other example shows still an- 
other Polyken Tape being applied 
to protect the surface of stainless 
steel sheets. The excellent abrasion 
resistance provided by cloth-backed 
Polyken Tape shields future milk 
tank liners from dents, pits, and 
scratches—flaws which would have 
to be removed by hand at great 
cost. What’s more, the tape stays 


Tapes. 

A 

ai ancceiihcSieiiimncansiiaititalianiniaeatama tial 
Street Address 

City. Zone____State 


OFF STAINLESS STEEL 





on, even under the high pressures 
of the forming operation—and then 
strips off clean! 

This is Polyken controlled strength 
—the right combination of adhesive 
and backing for the job. You get 
the controlled qualities without 
added cost. 

The coupon below will bring you 
complete information about Polyken 
Controlled Strength Tapes. 


eeeeveeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee3688 
Polyken, Dept. EM-H 
222 West Adams St., Chicago 6, Illinois 


Please send me physical properties and further 
information on Polyken Controlled Strength 
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AIR CONDITIONER STARTER 


Specifically designed for the control of 
hermetic motors, new magnetic starter | 


for air conditioning and refrigeration js 


| 
+) tinuous with 120-amp locked-rotor cur. 
Ly rent, and 30 amp with 180-amp locked. 
S rotor current. Starters can be furnished 
Sr either open or in NEMA 1 enclosures, 
y. | a R and can be applied up to 230 volts. 


a Feature is a new design in overload 
nee erever relays for close motor protection. The 
fast tripping time of the relays matches 


Cy aig ’ hermetic motor operating characteris. | 
tics, preventing costly motor burnouts. 
bad ® ie , Overload relays are factory-calibrated | 
Tih — a to reduce variations in tripping times, 
e PS e - a and are factory-sealed to eliminate mal- 
indication : —o9 functioning due to tampering. The over- 
e —— load relays are available with either 
4 4 re] CPI PLUGSTATS pro hand or remote automatic reset. West- 
| hY laa tg : vide precise deerme inghouse Electric Corp., P.O. Box 2099, 
| warning without cali- Pittsburgh 30, Pa. 
bration drift. Small rcle No. 58, | 
physical size has been 


ot ce a PLUNGER-TYPE RELAY WITH 
dies 2 0a EPOXY-RESIN MOLDED COIL 


Special alloy contacts 
assure clean make- Feature of a midget mercury plunger- 
and-break. Capable type relay is a molded coil of modified 
of 200°F overshoot epoxy resin that is water- and fungus- 
from high or low nor- proof and provides cooler operation 
mal setting. Available The epoxy resin, which has a dielectric 
also with AN connec- 
tor. Rated at % am- 
pere, 28 volts, AC or 

Proven DC resistive loads 


wialgieltiaheietc iat Contacts NO or NC 
AIRCRAFT GENERATORS gt a Rag 


AIR COOLED ENGINES 
UUs cess 1813) 
TRUCK REAR ENDS 
MARINE ENGINES 
bt aU ULL) 


ame ns es CONTROL 
mates 
PRODUCTS 
INC 


306A,SUSSEX STREET 
HARRISON, NEW JERSEY 
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He’s Proteus, Neptune’s son, a highly ver- 
satile character—hence the adjective protean. You 
never knew whether next you'd see him as a lion, 
a raging fire, a reptile, or an angry bull. 


Here at Driver-Harris, we do protean marvels 
too... with metals. For instance, Nichrome’*, the 
unique heat-resistant, corrosion-resistant, elec- 
trical-resistance alloy known the world over, has 
long been the engineer’s yardstick of comparison 
not in one, but in at least 3 widely different 
applications. 


TO GENERATE HEAT: In all applications of 
producing heat by electricity, particularly to 
temperatures above 1700°F., Nichrome and 
Nichrome V set the quality standard. From 
simple electrical appliances such as ranges, 
broilers, toasters, etc. to giant industrial fur- 
naces, no other alloys enjoy such widespread 
recognition and use. 


TO RESIST HEAT: Because of its unsurpassed 
resistance to heat and corrosion, Nichrome is 
used for making massive furnace muffles and 







post Alloy, 
~~ s 4 


% 
2 


‘4 ” 
“© 6. v.* 
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retorts often weighing tons, and work-loading 
fixtures of all shapes. The outstanding property 
of Nichrome here is its extremely long life, 
which results in low heat-hour costs. 


TO RESIST ELECTRICITY: The greatest contribu- 
tion to outstanding stability and miniaturiza- 
tion of resistors is made by Nichrome wire. 
Drawn to sizes as small as .0005 and finished in 
a variety of insulations, Nichrome is a boon to 
electronics in the manufacture of high toler- 
ance resistance units of all types. 


Added to the nickel and chrome of Nichrome 
and Nichrome V is always one exclusive ingredi- 
ent—the supreme mastery of the Driver-Harris 
specialists, gained in their 57 years of melting 
and drawing experience. 


In recognition of its unique properties, the 
United States Patent Office in August, 1908, 
granted solely and exclusively to us the trade 
mark NICHROME. There is only one Nichrome, 
and it is made only by Driver-Harris. 


*T. M. Reg. U. S. Pat. Off. 


Driver-Harris Company HARRISON, NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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strength of 400 vpm, has a minimum 
thickness of Vy in. 


ee e e Designated the Mighty Midget No, 
We think O° this Paper 1140. the normally open, quick-acting 
relay has mercury-to-mercury contacts 
- 9 providing good snap action, with no | 
| | t 4 burning. pitting or sticking. Contact 
as nsu d ion nsurance rating (non-inductive load) is 30 amp 
at 110 volts a-c. 5 amp at 110 volts dee. 
20 amp at 220 volts a-c, and 2.5 amp at 
220 volts d-c. 

Coil input at 115 volts 60-cyele js 
approximately 0.085 amp. At a voltage 
of 230 volts 60 cycles. the relay re. 
quires 0.040 amp approx: this current 
consumption drops to 0.018 amp approx 
at 440 volts, 60 cycles. The Adams & 
Westlake Co.. Elkhart. Ind. 

Circle No. 59, R« ry f 


JIC VALVE HEADS 


Solenoid heads for manufacturer's P-M 
3- and 4-way Pilot-Master valves were 
; , developed to meet new JIC electrical re- 
For many a year, many a big name in small motors, commendation that air cylinder control 


valves should be electrically inoperative 





generators, transformers and other electrical equipment a 
SOLV 
swli' 
at I 
THE 


sho’ 


when solenoid cover is removed. Ad- | 


has looked to H & V for dependable insulating papers. 


Reasons Why: 


1. Strong — these papers stand abuse 


2. High dielectric strength 





3. Good drawing characteristics 
(good cuffing properties without splitting) 


4. Strictly neutral PH — for maximum service at 
high temperatures 


5. Service that makes and keeps friends 





Let us know your requirements. ditional feature is that solenoid covers 


are so gasketed that the valve becomes 
splashproof and dust-tight. Each cover 
is chained to the valve and held in 
place by four captive screws. In addi- 
tion, at the end of each cover is a 
manual operating button which can be 
operated with a small screwdriver or 
even with a pencil to provide manual 
operation of the valve without removing 
the cover. This operating button is 
sealed with an O-ring. 

Valves with the new JIC heads are 
available in both Series B (3-way) and 
Series BB (4-way) designs and in all 
standard sizes fom *g in. to 114 in. 


IPS. Both single-solenoid and double- 
HOLLINGSWORTH & VOSE COMPANY solenoid (momentary contact) models 


East Walpole Massachusetts are available in both series. New heads 
’ 


will also be available separately. Han- 


Manufacturers of Technical and Industrial Papers nifin Corp., 501 South Wolf Rd., Des 
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Plaines, Ill. 


rcle No. 60, Reader Inquiry Facility, page 231 
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How would you solve these tricky 














is 
e 
it 
x 
"1 
/ 
Fay 
aPagelis 
MH » INSULATION 
e oS F 
i 
e 
|. | 1. KEEPING A PAINT HEATER EFFICIENT was the problem. It was 
' solved with the help of a Fenwal heavy duty block THERMO- 
SWITCH” unit. Heat from a 2000-watt source is accurately held 
at 150F —for top efficiency. Users just plug it in, forget it. 
THERMOSWITCH unit is attached to explosion-proof block, as 
shown in diagram. 
r 
n 
i- 
a 
e 
r 
1 
3. COOLING PRINTING PLATES. If printing plates cool too fast, 
they shrink if too slow, they become porous. Reject plates 
. were practically eliminated when a solenoid water valve was 
d substituted for a hand valve — with a Fenwal THERMOSWITCH 
| unit guarding the water temperature closely and operating the 
: valve whenever the set point was passed. THERMOSWITCH shell 
; itself ‘‘senses’”’ change. 
l= 
Ss 
iF AUGUST 1955 
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=| temperature control problems? 


mJ . 


et ee 


i A 
2. PROTECTING MACHINERY. Engineers wanted to prevent motor 
damage to automatic brush assembly equipment by starting the 
operation shortly before the sealing compound (pitch) reached 
the liquid stage. Upon Fenwal advice an inverse type THERMO- 
SWITCH unit was installed to close circuit when pitch temperature 
reaches 180F. Circuit opens only should pitch heaters fail. 





4. FREE CATALOG brings you complete data on the unique 

THERMOSWITCH unit. More details on problems discussed here 

if you want them. Fenwal engineers are always glad to help on 

special temperature control problems involving heat, humidity,. 

pressure and other variables. Write Fenwal Incorporated, 
18 Pleasant St., Ashland, Mass. 


THERMOSWITCH’ 


Controls Temperature — Precisely 
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Get TEFLON that 
behaves as it should 


... With 
FLUOROFLEX-T 
products 


Did you know that Teflon comes in various “grades”? Grade 
is governed by processing method and by purity. When you 
get the right grade for the job you will benefit by consistent 
performance from Teflon. 

Premium grade is derived from virgin Teflon. That’s what 
you get with “electrical grade” Fluoroflex-T. Conformance 
to important properties is certified.* Its non porosity and 
optimum tensile strength assure reliability in even the most 
exacting service. 

Economy is achieved without impairing chemical inertness 
in “mechanical grade” Fluoroflex-T. Some physical features 
of this reprocessed Teflon are even improved, since it offers 
better resistance to elongation with better dimensional sta- 
bility the result, 

_ In addition, uniformity of both grades is assured by a qual- 

ity control system approved by the USAF under MIL-Q-5923, 
and by relieving of internal stresses in Fluoroflex-T rods, 
sheets, tubes and parts. 

Send for more data — and for quotations on your needs. 

*Copies of test reports on file available on request. 


@Fluorofler is a Resistoflexr registered trade mark for products from fluorocarbon 
resins. Teflon is the DuPont registered trade mark for its tetrafluoroethylene resin. 


RESISTOFLEX 


CORPORATION Belleville 9, New Jersey 


Warehousing Distributors: Western Fibrous Glass Products Co., Los Angeles, Cal. 
Colonial Kolonite Company, Chicago, Ill. @ F. B. Wright Company, Detroit, Mich. 





Laboratory 


Engineering 
Equipment 


PORTABLE DIRECT-WRITING 
OSCILLOGRAPH 
Portable high-speed, 
cillograph 
stable, 


direct-writing os 
provides high, 
d-c or a-c amplification. It may 


recorder 


be used with reluctance type gages 
without auxiliary equipment. Its stabil- 


ity, sensitivity, and versatility, are made 
possible by a special chopper ampli- 
fier. Feature is the high torque pen 
movement providing accurate frequency 
response at low and high amplitudes. 

Applications include the recording of 
such transient variables as strain, vir 
bration, temperature, and analog com- 
puier write-out. Specifications include: 
15 microvolts d-c per millimeter of pen 
deflection, with a response time of less 
than “420 sec. No zero drift. Pen excur- 
sion is over 8 cm. 

Type P Dynograph is supplied with 
one or two channels. Type P is housed 
in two carrying cases and can _ be 
quickly set up. Type M. a console 
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Now, in a complete line of totally enclosed motors, Baltric brings you the best 
answer yet to your motor problems. Less weight... less bulk... better perform- 
ance, are the results of advanced engineering and new and better materials. 


The new Baltric Motors pack much more power per ounce... permit applications 
and installations of greater versatility. Simple in design, rugged, yet compact and 
dependable, Baltric does a better job inless space than old-style motors. Baltric is 
a better bet for every use. 


Baltric Motors are available in a complete range of models, % h. p., through 5 
h. p., squirrel cage induction type, both polyphase and single phase. Baltric Motors 
canalso be engineered to meet your special mechanical and electrical requirements. 


Original Streamcooled Baldor Motors Available—Built to Former NEMA Standards 


‘SALDOR ELECTRIC COMPANY 


Tekh le wa we NATL) lb iri 
Squirrel Cage * Induction and Single Phase 
ore) T-Rdi. ai eee ed 12 


4353 DUNCAN AVENUE @e ST.LOUIS 10, MISSOURI 


LW "A ae 
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Durakool 


the 
STANDARD 


OF QUALITY, DURABILITY AND LIFE 


WITHSTANDS Years of trouble-free performance on the 
most difficult of assignments have won top 

HIGH recognition for Durakool Mercury Tilt Switches. 
High temperatures, fast cycling and 24 hour 

TEMPERATURES schedules taken in stride. 7 sizes, | to 65 am- 


peres. Send for Bulletin 525. 


See telephone directory for local distributor or write 


SBDURAKOOL, INC.— Elkhart, Indiana 
700 Weston Rd., Toronto 9, Canada 


ALL-STEEL 
naa SY 


MLA 


VTE yt) 


NIEMAND 


BROS. 


Add Up the Savings with 
PAPER TUBE PRODUCTS 


Lower 

Unit Cost 

cae DOES GRE TER 
Quicker 

Application 
E RANTES 
Available in Large 
or Small Quantities 


fo meet 
your requirements 


hig 


<phase hy 


It’s easy to see why so many manufacturers find NIEMAND BROS. PAPER 
TUBE PRODUCTS so practical. Diameters — .093” to 2” and up. Materials 
— high dielectric kraft, fish paper, foils, special protective coated and 
laminated papers. Printed or plain. 


Precision drawn paper cups from .141” — 2” dia. Die cut washers and 
custom parts. 


Further Information on Request 


NIEMAND BROS., INC. 


Sreoralshs nm Papper Gabho Proetocls ff Eb loclorral afloat ws 
37-05 Thirty-Fifth Avenue « Long Isiand City 1, N. Y. 
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model is available with up to six chan. i 
nels. Offner Electronics, 5320 N. Kedzie | 
Ave.. Chicago, Ill. 

No. 61, Reader Inquiry 


REGULATED POWER SUPPLY 


Output voltages from 0 to 400 volts, 
continuously variable, with currents up 
to 200 ma are provided by Model 702 
regulated power supply. Regulation js 
|maintained at 14% per cent with hum 
levels of less than 20 mv. A variable 
negative output of 0 to 150 volts is also 





provided for bias, as well as 6.3 volts 
a-c at 8 and negative 
terminals are insulated from the chassis, 
permitting high voltage to be used above 
or below ground. 


amp. Positive 


\ meter is provided 
which can be switched to indicate high 
voltage, bias voltage, and output cur- 
rent. Shasta Div., Beckman Instruments, 
Inc.. 1432 Nevin St.. Richmond, Calif. 

No. 62, F ] 


DIRECT-WRITING 
EIGHT-CHANNEL 
OSCILLOGRAPHIC RECORDER 


Frequency response of direct-writing, 
eight-channel, Type 550A — Oscillo- 
graphic Recorder is flat within 3 per 
cent from zero d-c to 900 cps. Wave- 
forms are scribed as a iransparent line 


on blackened 35-mm acetate film stock 
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on TIMERS 


control 7 
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The more automatic control problems we get, the better we like 
it. For while it’s true each automatic control job is a bit different from the 
rest, the record shows that our 19 years of timer experience has given us 
the special knowledge it takes to give you the right answers, and in near- 
record time. 


If one of our standard timers won't do your job — or one of the 721 com- 
binations we have thus far developed from our 17 basic units — our engineers 
will go right to work to develop a new combination that's the one for you. 
That's the way we grow — and we like it. 


We manufacture a complete line of timers in these 4 broad classifications: 
TIME DELAY TIMERS - INTERVAL TIMERS 
RE-CYCLING TIMERS * RUNNING TIME METERS 


And since we maintain large stocks of our 17 basic units, we can assure 
you of rapid deliveries — of excellent deliveries even on special orders. So 
whatever your automatic control problem, you have everything to gain by 
submitting it to our timer specialists. They'll give you a profitable answer — 
almost with the speed of automatic control itself. 





Re-Cycling Timers 







& GP Ree Te) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 131 OGDEN Steeee, 


AUGUST 1955 


need quick service 


for automatic 


Time Delay Timers 


interval Timers 


NEWARK 4, 


Running Time Meters 


Wed. 






































































TO ELABORATE.... 
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This brush assembly conducts 
signal and power current through 
slip rings between stationary and 
rotating equipment. 


uperLor Willingness 
to ELABORATE 


“Elaborate”? Yes, that’s exactly what we mean. For, 
actually, “elaborate” means to work something out. 
Always, we at Superior are most willing to work out 
exactly what your application calls for...the right 
answer to perform a brand new operation most effici- 
ently, to make your present equipment function more 
profitably, or to bring down the cost of manufacturing 
your product. Please turn us loose on that next brush 


assembly problem. 


SUPERIOR CARBON PRODUCTS, INC. 
9115 GEORGE AVENUE CLEVELAND 5, OHIO 









by galvanometer-actuated 


: styli thar | 
produce a high definition ales of _ 
stant width. No photograp con. 


; . hic Tr 
ing is required. High-frequency 
Te. 


sponse is achieved in the galvanom 
design and by limiting styli excur eas 
to approximately 1 mm; but dire ae 
tical projection of the film strip > 
a hooded ground glass screen pom 
enlargement for study or for view 
the recording in progress, ng 
Eight information recordin 
or traces are provided, in a 
solenoid-actuated channel for timing 9 
reference marking. All connections = 
independent. , 
The film may be run at 1, 2, 4 or 8 
centimeters per sec giving total record. 
ing times ranging from 40 to 5 min, 
Galvanometer movements are avail. 
able with the following impedances: 
7500, 1200, 300, 75, 12, 3 and O75 
ohms, all rated at 0.75 volt-amp for 
full deflection. Weight of recorder js 
approximately 40 lb. Also available are 
type 502-A d-c amplifiers designed tp 
match the galvanometer movements 
Technology Instrument Corp., 537 Main 
St., Acton, Mass. 
Circle No. 63, Reader Inquiry Facility, Page 23 


INSTRUMENT MEASURES 
LINEAR SPEEDS 


Use of the Celerimeter makes possible 
the measurement of very high machin. 
ery speeds. Designed for measuring the 
straight-line speed of moving sections 
of fixed machinery and equipment, the 
Celerimeter is capable of measuring 
speeds ranging from 5 in. to 30,000 in, 
per min. 

Typical application is the determine 
tion of the proper shot plunger speed 
on a die-casting machine. After adjust 





ments are once made, the shot plunget 
can be regulated through use of the 


Celerimeter without spoilage of cast | 


ings. Other measurements possible in- 
clude pressure buildup time, compres 


sion period, complete cycle time, and | 
conveyor speed. Weighing 261 Ib, the ! 
portable instrument is supplied in @ | 
case measuring 9 x 9 x 21 in. It operales | 
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FURNAS ELECTRIC DRUM CONTROL 


There’s a Furnas Electric Drum Control for every drum require- 
ment ... over 1000 models for standard and special applications. 
Durability, ease of operation, versatility and low cost of drum 
controllers make them adaptable to the majority of applications 
satisfied by manual control. 


ENGINEERED FOR DOUBLE DUTY 
Only Furnas Electric offers you a reversing drum control with a 
built-in thermal overload unit. Engineered for double duty, the 
JTS costs less than one-half what you would pay for a manual 
reversing starter to perform the same job. Its advantages .. . 
smaller size, fewer operating parts and lower cost .. . add up 
to a better control for you. 


REVERSING WITH 
BUILT-IN THERMAL RELAY 






as ek 


a . Th ; ors C Ny ‘ 
a ee , 


ae Co 
a SERIES A REVERSING 


MULTI-SPEED SERIES J REVERSING SERIES R REVERSING 


What’s your application—there’s a Furnas 
Electric drum controller for the job. Select 
from Reversing, Multispeed, Reversing Multi- 
speed, Weatherproof, Explosion-Proof, Cam, 
Hoist, Magnetic Chuck, Star-Delta and many 
others. Long experience and field service as- 
sure efficiency and dependability for your 
standard or special applications. 


PANEL MOUNTING 
WITH LOCK 


EXPLOSION PROOF 


Write today for catalog 5509— F U R N AS E L E CT R ! Cc 
omplete specifications, types and 
semecton dopey prea COMPANY 
Batavia, Illinois. 
BATAVIA, ILLINOIS 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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on 110 volts-60 cycles, Lake Erie f 

gineering Corp., Box 68. Kenmore " 

tion, Buffaio 17, N. Y, | 
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SIGNAL GENERATOR 


Designed for testing i-f amplifiers any (72° 
other circuits operating in the 1. 
~~ #0 Ine 


range. signal generator, Model 13] : FRO 


capable of cw, pulse, 


or sw eep 0] 


era. SUB 


everything in Fluorocarbons... 


the most complete service in parts and stock 








® United States Gasket Company offers precision 
parts fabricated from duPont TEFLON, Kellogg 
KEL-F, BAKELITE Fluorothene and other plastics. 
U.S.G. facilities provide cold molding and sinter- 
ing techniques, compression molding, extruding 


tion. It features a built-in 5000-me crys # The 
tal frequency standard, an electronic 
linear frequency sweep, and a continu. : 
ously tunable frequency marker, (the ins 


ae features include: choice of two types 
and injection molding—quality controlled ‘‘from of markers (spike or blanking): yey You 
powder to part,” to assure uniform electrical, amplitude reference for sweep output; th 
chemical and physical characteristics of the — sn ago deviation (up to +3 § 5¥ 
ore p per cent); and a zero to 10]-dh step 
highest quality. attenuator. But 
3 ; ) ; Weighing 99 lb, instrument is housed to 
U.S.G. also maintains a machine shop specially in a cabinet 11 in. high x 163 in. deep ca! 


equipped for the precision machining of parts 
from fluorocarbon stock. 


x 1814 in. wide. Avion Instrumen 

Corp., 299 State Highway No, 17 § AS 
Paramus, N. J. NE\ 
Come to U.S.G. for all your requirements—sheets, e No. 65, Reader Facility, Page 23 pu’ 
rods, tubing, tape, cylinders, bars, beading, elec- 
trical spaghetti—as well as custom-molded and 


machined parts. 


Postcard return cards are pro- 
Write for Catalog No. 300. vided on page 231 as a conveni- 
ence to the reader in obtaining 


further information on 


United States Gasket Company 
CAMDEN 1, NEW JERSEY 


New Components and Materials 
Literature for the Asking 
Feature Article Reprints 
Advertised Products 





Magnet Wire Enamel— S¢ 
A Correction 1 


Through a typographical error, an it 
correct temperature value of 115 C for J W 
a silicone-resin enamel was given inthe J yt 
subhead of the article, “Thermally | y} 
Stable Magnet Wire Enamels,” page | 9) 


120. July issue. 
FABRICATORS OF FLUOROCARBONS The correct wording of te anna 


AND OTHER PLASTICS follows: 
“Long-term continuous operation a 

temperatures of about 135 C are it 
dicated with an epoxy-modified poly: 
ester-amide enamel; a silicone-resit 
modification appears capable of sim: 
lar performance at 155 C.” 


Representatives in principal cities throughout the world Re 
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ANACONDA WIRE & CABLE COMPANY 


Muskegon, Michigan 


Interoffice Correspondence 


ro: All Anaconda Magnet Wire Sales Staff MUSKEGON, July 15, 1955 
fROM: |’. L. Meeske, Vice President 


susvect: New Magnet Wire Insulations 


If you were in our development engineering department, 
HOW WOULD YOU DECIDE WHICH INSULATIONS TO USE? 


If your magnet wire customers are confused to hear about all the new 
insulations, picture what our development engineering department 
is up against. 


There are dozens of types of insulations available today. And there are 
actually hundreds of different formulas and combinations of these new 
insulating compounds which could be used, 


Your customers, as users, can try out one of these new products—and if 
they don't like it, or if it doesn't stand up well enough—they can 
switch back to their "old reliable." 


But when a magnet wire manufacturer makes a switch from an old reliable 
toa "new miracle insulation," he'd better be right—because that wire 
ean affect hundreds, or thousands, of products. 


As manufacturers, we want to be progressive and to lead the field with 
NEW things. But we also want to protect the trust that our customers 

put in us. _ When they buy our magnet wire, they have a right to expect 
that it will stand up under the service for which it is intended. If it 
doesn't—they may not be our customers for long. 


In the Anaconda laboratories today, there are literally dozens of 
development projects on new and improved insulations. 


Some of our good friends and customers are also testing certain new 
developments for us under actual end-use conditions. 


When our development engineers, our quality control people, our test 
installations, and our business judgment all agree that a new product 

is ready for market—then we can go all out with a feeling of 

confidence. That is how our Vitrotex*, Silotex*, and other products were 
born. Sometimes it is harder to decide what NOT to make than 

it is to decide what to make. 


So you can see that our development people have somewhat different 
problems than our magnet wire customers. But we believe that they would 
do what we try to do—develop and test and field-test, over and over, 
until the product is good enough to carry the Anaconda name. We believe 
you will agree that this is the practical approach to the questions of 
what insulations we should use. And we believe that it should give you— 
and incidentally, your customers—confidence in the products we offer. 
That's how we built our business—and that's our plan for the future, 


‘Reg. U.S. Pat. Off. Cc 
‘ ° 









































































































































































































































































































































































































As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Reprints of articles in this and pre- 
vious issues which are now available 
are briefed here and in the following 
pages, to help readers select those 
which they would desire for their files. 
Any regular ELectricAaL MANUFAC- 
TURING reader qualifies for one copy 
of all single article reprints, without 
charge. 

The numerals shown in reprint list- 
ings correspend te the numbers shown 
on postcards incorporated in the Reader 
Inquiry Facility on the opposite page. 
Readers should circle those numbers 


REPRINTS NOW AVAILABLE 


Principles of Electronic Circuit Pack- 
aging, August 1955, 12 pages. Based 
on Signal Corps development con- 
tract, the authors describe the de- 
sign and application of four basic 
systems for circuit packaging and 
integration of printed wiring assem- 
blies, particularly applicable to auto- 
matic production. The construction 
of printed wiring cards and thermal 
dissipation are major design con- 
siderations. (117) 


European Developments in the Dielec- 
tric Field, August 1955, 8 pages. 
Report by a European authority 
summarizes progress in acetate pa- 
per, epoxy casting resins, epoxy- 
impregnated mica paper, polyure- 
thane magnet wire enamel, and 
foam-type polystyrene, also de- 
scribes special equipment for ex- 
truding helical multicolored poly- 
vinyl chloride wire insulation. 
Characteristics of materials are 
given and applications illustrated. 


(123) 


Flexible Couplings for Motor Drives, 
July 1955, 8 pages. Operating prin- 
ciples and selection factors of some 
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Editorial Reprints 


indicating the reprints desired and 
then mail the card. R. I. F. postcards 
will be processed by the publisher only 
if all information requested is given and 
is clearly printed or typed. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 


MULTIPLE REPRINTS (reprints or 
compendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Letters ordering these must be 


accompanied by remittances. Large 
quantities, special quotations. These 


multiple reprints are listed by titles, 










principal types are presented in this 
review. Many design variations are 
to be found in these basic types, 
all intended to compensate for lim- 
ited misalignment resulting from 
poor mounting of motor and driven 
member, wear, thermal distortion 
and load deflection. (122) 


Design of D-C Tractive Electromag- 
nets, July 1955, 12 pages. Simplified 
method for designing electromag- 
nets using curves plotted from data 
on variety of practical magnets. 
Intended for the occasional de- 
signer. Typical problem is solved. 


(110) 


Relays in Electron Tube Circuits, July 
1955, 8 pages. Describes how relays 
are used in conjunction with vacu- 
um and gas-filled electron tubes to 
obtain advantages of both. Typical 
circuits are discussed. (121) 


Effects of Water Immersion and Hu- 
midity on Thermosetting Laminates, 
July, 1955, 12 pages. Results of 
evaluation program, including 


graphs and tabular data by Mate- 
rial Laboratory, New York Naval 
Shipyard, on Navy grades of phen- 
olic, glass-laminate and_glass-sili- 








Cost of 


Single Subject Reprints 


No. of Number of Pages 
Reprints 4-12 16-32 
] Gratis Gratis 

5 2.00 $3.75 

10 3.50 6.00 

25 7.50 12.50 





immediately following the single arti 
cle reprint listings. 


John A. Campbell 
Director Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue 
New York 20, N. Y. 


cone laminates under various test 
conditions. (140) 


Printed Circuits Have Versatility Plus, 
June 1955, 8 pages. Review of 
printed circuit applications outside 
of the strictly electronic field. 
Switches, strain gages, inductors 
and transformers, airplane deicers 
and wiring harnesses using this ver- 
satile construction method are dis- 


cussed. (131) 


Application Factors for Two-Phase 
Servo Motors, June 1955, 12 pages. 
Discussion of the operating charac- 
teristics and the principles of opera- 
tion of two-phase induction motors 
used as control elements in feed- 
back systems. A minimum of math- 
ematical analysis is employed. (138) 


Impact of High-Energy Radiation on 
Dielectrics, June 1955, 20 pages. 
Special staff report is devoted to 
subject of major importance to de- 
signers of electrically energized 
equipment. Basic facts of high- 
energy radiation are given; research 
programs are summarized; specific 
radiation-resistance data on various 
dielectric materials are tabulated; 

(Continued on page 231) 
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Ilectrical 
\lanufacturing 


may avail-themselves of 

this convenient prepaid postcard 
of communicating with the 

lisher when one informa- 
regarding what n men- 
- dda bed, or offered in the 
oteh or advertising pages of this 


a ly circle the numbers on a 
ard C corresponding to the 


in the items pub- 
ished in ite the fol following editorial 
departments: 


New Components 
& Materials 

Page 149 
Current review of all new mate- 
fals, metals, parts and equipment 
that become component parts of 
the finished product. 


Literature for the 
Asking 

Page 236 
Listing of the new literature, 


printed matter and catalogs which 
basic information for those 


engaged in the design engineering. 


of products. 


Editorial Article 
Reprints 5 , 
Page 230 


Acomplete listing of those editorial 
feature articles published in this 
and past issues that are available in 
reprint form for filing. 


Advertised Products 


Print names of advertisers and page 
numbers of advertisements in space 
provided on card, if more informa- 
sa is sought about what is adver- 


Only those cards can be processed 
that are completely filled out and 
printed or typewritten. This 


| good only until September 30, 
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JOHN A. CAMPBELL, Director, Reader Service 
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JOHN A. CAMPBELL, Director, Reader Service 
ELECTRICAL MANUFACTURING 


JOHN A. CAMPBELL, Director, Reader Service 


ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, NEW YORK 20, N. Y. 


FIRST CLASS 
PERMIT NO. 45 


SEC. 34.9, P.L. & R. 
NEW YORK, N. Y. 
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NEW YORK, N. Y. 





FIRST CLASS 


PERMIT NO. 45 


SEC. 34.9, P.L. & R. 
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design factors and techni 

ui 
analyzed. Overall impact of a 
power and radioactive d 


i 
design is discussed. et 


Progress in Electron Tube Reliahj 


May 1955, 12 pages, R ; 
means used to demain ae 
ficiencies in variety of difficult g ; 
plications and how numerous de. 
sign changes affected much jm. 
provement. (115) 


Guided Missiles Make New 


on Relays, May 1955, 12 pages, 
Report on the Third National Cop. 
ference on Electromagnetic Relays 
at Oklahoma A. and M. College 
stresses the rugged environments 
imposed by guided missiles and 
notes status of standards move. 
ment. (120) 


High -Potential Dielectric Strength 


Testing, May 1955, 12 pages. De. 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments 
available. (182) 


Transistor Switches Improve Mag. 


netic-Amplifier Performance, April 
1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation 
resembling that of a mechanical 
rectifier, provide the desirable com- 
bination of low leakage and low 
forward drop. (126) 


Miniature Photocells, April 1955, 8 


pages. Review of commercially 
available cadmium sulfide and lead 
sulfide photoconductive cells. They 
are virtually insulators in darkness 
and conductors under light by a 
factor of 100,000. Very small 
quantity needed for useful photo- 
cell. (127) 


Embedded Circuits and Components, 


April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation is 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. _ (116) 


Soldered Connections, November 


1954, 4 pages. Repeated requests 
for quantity reprints of this practical 
article on soldering methods and 
the recognition of common 

led the editors to make copies avail 
able on individual request. (114) 
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practical Approach to Magnetic-Am- 


plifier Design, March 1955, 12 
ages. A method is described in 
step-by-step detail for designing 
magnetic-amplifier circuits without 
resorting to complex mathematical 
procedures. (133) 


Wafer-Coil Technique for Transform- 


ers, February 1955, 4 pages. Slit 
rolled foil method eliminates many 
hand operations in transformer pro- 
duction. Conductors may be equiva- 
lent to very fine wire. (124) 


New Molding Processes for Printed 


Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-molded capacitors). Tech- 
niques developed at the Diamond 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
units described. (128) 


Stainless Steel Finish Effects, January 


1955, 8 pages. Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fin- 
ishes obtainable on stainless sheet 


and strip. (111) 


Nomographs as Engineering Work- 


sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 


justified. (139) 


Research Progress in Dielectrics 1954, 


December 1954, 12 pages. First 
hand summary and interpretation of 
Conference on Electrical Insulation 
reported each year by ELECTRICAL 
MANUFACTURING. (118) 


Applying A-C Solenoids, November 


1954, 8 pages. Describes three 
methods of measuring pull, design 
modifications to minimize mismatch 
in loading, how to overcome resid- 
ual magnetism, duty-cycle opera- 
tion and derating for 25-cycle use. 

(129) 


Noise Measurements, November 1954, 


12 pages. Review of the funda- 
mentals of sound and noise meas- 
urements with particular reference 
to the development of a test code 
for unit heater fans. (119) 


Insulation Classification, November 


1954, 12 pages. A classification 
table for insulating materials is in- 
cluded in the report, “International 
Standards for Insulation, Motors, 
and Components,” covering the 
1954 meeting of the  Interna- 
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Allen-Bradley Co., producers of motor controls, use 
several Artos CS-6 automatic wire cutting and 
stripping machines in ineir Milwaukee plant. 


3000 STRIPPED WIRE LEADS in one hour 
...each precision-cut with both ends per- 
fectly stripped. That’s the speedy pace set 
by the Artos CS-6 in producing wire leads 
up to 15 inches in length! Production 
rates vary in proportion to the length cut. 

Highly accurate machine operation reduces 
work spoilage to an absolute minimum. Errors 


due to the human element are eliminated. There 
is no cutting of strands or nicking of solid wire. 


PROVED PERFORMANCE 
Time-consuming hand stripping jobs which 
once were a bottleneck in many plants are gone 
forever. As a result, Artos automatic wire 
strippers are paying their way in the mass pro- 
duction of television and radio sets, electrical 


appliances, motor controls and instruments of 
all kinds. 


Plan now to cut wire stripping costs in 
your plant...with the high speed, automatic 
Artos CS-6. 


CS-6 CAPACITY 


Finished Wire Leads Per Hour: 
lengths to 15’’, 3000; 64’’-97”’ lengths, 500. 


Stripping Length: 142’’ max. both ends. 
Cutting Length: max., 97’’; min., 2’’; special, 7#’’. 


WRITE FOR 
BULLETIN 





» 





2741 South 28th Street 3 








Descriptive technical sheet tells how the Artos 
CS-6 can save you money, manpower and time. 


Milwaukee 46, Wisconsin 













2-Conductor Twisted Wire 
Single Conductor Solid Wire 


Sl 


2-Conductor Parallel 
Stranded Wire 


a eee 
300 Ohm Television Wire 


SST SAD 
SJ Cord 





<2 a ee 
Heater Cord 


Braided Cord With 
Rubber Jacket 
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Here’s how a LEDEX 
ROTARY SOLENOID operates .. . 


The magnetic pull moves the armature along the Solenoid 
axis. This action is efficiently converted into a rotary motion by 
means of ball bearings on inclined races. The inclined ball 
races are made to compensate for the magnetic pull increase 
as the Solenoid air gap closes, thereby providing substantially 
equal starting and ending torque during the rotary stroke. The 
rotary snap-action power of the Ledex can be efficiently har- 
nessed with a minimum of linkages, through the use of one 
or more standard features available on all models. 









Here’s why ye 0 
LEDEX ROTARY : \ 
SOLENOIDS are SW OS SN we We 

dependable! ¥ Pan & , 


As can be seen from the exploded view, Ledex Rotary Sole- 
noids are simply constructed with few moving parts. All parts 
are manufactured to exacting tolerances and are carefully in- 
spected and assembled. The copper wire coil, the heart of the 
Solenoid, was developed especially for this product. It is wound 
by a precision winding process that puts a maximum amount of 
magnet wire into available space .. . giving tremendous power 
to compact Ledex Rotary Solenoids. 


Basic sizes of LEDEX ROTARY 
SOLENOIDS to choose from! .< 













[weds] 2 | 3 | 4 | 5 | 6 | 7 | 8 
Frew tina [4 | 10 | 17 | 40 | 75 | 250 | 40 | 
Torque values for normal intermittent duty and 45° stroke. 


Engineering data is available upon request. 
WRITE FOR DESCRIPTIVE LITERATURE TODAY! 


b4 4 INC. 
123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA: MARSLAND Engineering Ltd., KITCHENER, ONTARIO 
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tional Electrotechnical] 


sion. Commis. 


(137) 


ber 1954 
Pproach to 
&§ Non-ventj. 
new NEMA 
ased on heat 
(184) 
Cold-Reduced Electrical Steels Octo 
ber 1954, 8 pages. Advantages i 
processing to producer and 


Non-Ventilated Motors, Oct; 
8 pages. A suggested a 
the problem of §fittin 
lated ratings into the 
rerated frame sizes. ) 
dissipating capacity. 


; user ar 
partly offset by certain ln 
deficiencies yet to be Overcome : 

(113) 


Multiple Reprints 


Applying Magnetic Amplifiers 72 
pages. Multiple Reprint No, 1A 
Second edition of | this popular 
booklet has been expanded to - 
clude more recent feature articles 
in addition to the series by Dom. 
hoefer and Krummenacher. For ap 
annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


Designing Servomechanism Systems 
96 pages. Multiple Reprint No. 3 
Thirteen feature articles or related 
phases of design of feedback con. 
trol or servo systems and servo ap. 
plications, including the series of 
four articles by Herst. For a com. 
plete list of the contents of this 
booklet see April 1954, page 358, 


$2.50 


Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates, 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
sociated assembly methods. For an- 
notated list of articles see page 332 
of the June 1954 issue. $2.00 


Multiple Reprints at 
Quantity Prices 

Since handling expenses is a signif- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 

Title 5 
Servo System Design 1.25 1.00 
Magnetic Amplifiers 1.35 1.10 
Printed Circuits 1.35 1.10 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company. 
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Locks must have eye appeal to sell . . . they 
must be economically priced . . . easy to install. . . 
and offer long trouble-free service. Kwikset Locks, 
Inc., Anaheim, Calif., has achieved all these things 
which accounts for the more than 25,000,000 of its 
“400 line’ of locksets now in unconditionally guar- 
anteed service. 

KUX die casting machines have played an im- 
portant role in this remarkable record. Many of the 
individual parts that make up the three easy-to- 
install precision-matched components of a “400” 
lockset are die cast. KUX machines are used because 
Kwikset knows a hardware finish quality is obtained 
on every gate cast. A dense hardware finish quality 
on a close tolerance casting reduces costs through- 
out the manufacturing and assembly processes and 
puts Kwikset in a fine competitive position. 

KUX produces a full range of modern die casting 
machines that require only the touch of an electric 
button to put them automatically through a com- 
plete casting cycle at high production speeds. KUX 
engineers will be glad to show you how die casting 
machines can serve you. Or, write for an illustrated 
catalog. 


KUXxX 


DIE 
CASTING 
MACHINES 


to get hardware finish quality 





The New MODEL BH-30 


This new, more powerful, higher speed model shown above, 
is a hydraulically operated gooseneck plunger type of 
machine for production of zinc, lead or tin die castings. 
It is one of the many KUX machines in operation at the 
Kwikset plant. 


Kux MACHINE CO. 
6725 NORTH RIDGE AVENUE 


CHICAGO 26, ILLINOIS 


NO CUT-THROUGH 
IN 
30 DAYS AT 105C 


all 


SLEEVING 


VASTLY SUPERIOR 
to all 105 grades! 


; Designed for 
Oil Transformers, Motors, Appliances 


A remarkable NEW vinyl 
sleeving for electrical appli- 
cations requiring insulation 
that will maintain its prop- 
erties under the most severe 
conditions. 


Tougher. Is not cut by enamel 
wire loaded to 300 p.s.i. at 
105°C for 30 days. 


Far greater resistance to oil, 
varnish, pitch 


Superior heat-aging properties 
Non-inflammable. 


Dielectric strength-wet or dry 
1000 volts /mil average. 


Non-corrosive with copper or 
aluminum. 


Ask your Resinite 
Representative o1 
write for samples 
and performance data, 


NA 
TTT 


RESIN INDUSTRIES, INC. 


AYE ear em Oe 


Literature for the Asking 


Caen ee reece eee ee 


To obtain copies of these publications 
circle item number on _ postcard in 
Reader Inquiry Facility, page 231. 


PACKAGED ADJUSTABLE SPEED DRIVES 
—Packaged, prewired, and preassem- 
bled adjustable speed drives, described 
in Bulletin PB4700-1, provide the flexi- 
bility of d-c motor performance from 
an a-c power supply. Offering conveni- 
ent speed adustment without inter- 
mediate speed changing equipment or 
line shafting, they are available in rat- 
ings to 200 hp, and speed ranges to 
16:1 and above for all conventional a-c 
circuits. Elliott Co. 
No. 66, R 


GOVERNMENT-GRADE PLASTICS 
CHART—Listed in a 2-page table are 
standard NEMA grades of laminated 
plastics and vulcanized fibre with their 
corresponding gevernment-grade desig- 
nations. Listings cover phenolic, mela- 
mine, silicone. and epoxy laminated 
sheet materials, and phenolic and mela- 
mine laminates in rod and tube stock. 
Designations are also given for com- 
mercial, bone, fishpaper and trunk vul- 
canized fiber. Taylor Fibre Co. 

No. 67, ry F t 


POWDERED METAL COMMERCIAL 
BEARINGS—Dimensions and ordering 
code numbers for more than 1000 pow- 
dered metal commercial bearing sizes 
are featured in 30-page Standard Bear- 
ing Size booklet. Included are sizes for 
sleeve, flange, and double and single 
hub spherical type bearings, as well as 
for thrust washers. Additional sections 
are devoted to Selflube bearing mate- 
rial, available in solid bar, cored bar 
and plate form. Powdered Metals Div., 
Keystone Carbon Co. 

No. 68, Ré« r 


HIGH-VOLTAGE MOTOR CONTROL— 
High-voltage motor control, the Limit- 
amp, is the subject of Bulletin GEA- 
6331, which details the features of 
the high-voltage, current-limited fused 
starters for coordinated control of 
squirrel-cage, synchronous, wound-rotor, 
and multi-speed motors. Entirely front- 
connected, the units are designed for 
2300-4800-volt applications, and feature 
high interrupting capacity (60,000 
amp). Ease of installation and mainten- 
ance and other advantages are reviewed. 
Case histories are included. General 
Electric Co. 
le No. 69, Reader | 


PHOTOELECTRIC CONTROLS —Specifi. 
cations, descriptive data and operational 
charts of photoelectric controls for such 
industrial applications as high-speed 
counting, machinery safeguards, high- 
temperature measurement and control, 
and similar uses, are the subject of 20. 
page bulletin PA 555, “Approved Ans. 
wers to Successful Automation.” Pointed 
out is the availability of versatile ready. 
to-use pre-engineered packaged units 
satisfying most requirements. Electron. 
ics Corporation of America, Photoswich 
Div. 

No. 70, Reader Inquiry Facility, page 23} 


PERFORATED METAL HANDBOOK 
Pocket-size, spiral-bound 114-page cata- 
log and handbook devotes most of its 
pages to actual-size illustrations of per- 
forated metal samples. Other pages 
list fabricating facilities available and 
materials perforated. Speaker fronts for 
radios and other applications are shown. 
Reference tables are included. Standard 
Stamping and Perforating Co. 
No. 71, Reader 


RUBBER PRODUCTS—Facilities for pro- 
ducing a wide range of custom-molded 
parts, including rubber O-rings, to com- 
mercial and government specifications 
are shown in a 24-page product catalog, 
Pointed out is availability of Permadiz- 
ing, a special rubber-to-metal bonding 
process. Specialty is precision molding 
of silicone rubber and vinyl parts. Still- 
man Rubber Co. 

. No. 72, Reader ry Facility, page 231 


SILICON SOLAR CELL—Based on Bell 
Telephone Laboratories’ research, com- 
mercially available Type S-1 silicon 
solar cell comprises a hermetically seal- 
ed large-area silicon p-n junction, de- 
signed as a unit for the electrical con- 
version of solar energy and photo-voltaic 
applications. According to Technical 
Information Bulletin, No. 1-55, typical 
‘ell converts solar energy to electrical 
power, under optimum conditions of 
sunlight and exposure, at a rate up to 10 
milliwatts. National Fabricated Pro- 
ducts, Inc. 
No. 73, Re 


SERVO SYSTEM COMPONENTS—A 
miniature magnetic clutch, a hollow- 
shaft differential, and a precision gear 
head are among the servo system com- 
ponents described in an illustrated 4+ 
page folder. Other representative com- 
ponents in manufacturer's standard line 
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There are cases where you can't play it too safe increased customer satisfaction, repeat sales and substantial 


savings on repairs and returned merchandise. 

In ground-to-air guided missiles, high-powered walkie FOR MILITARY APPLICATIONS, the Vitrohm resis- 
kies, radar trucks, experimental rockets, atomic subs, tors designed to meet MIL-R-26B specs (characteristics F, 
console control panels — any instrument requiring high G and V) are listed in our TECHNICAL INFORMATION 
accuracy and dependability — you'll find Ward Leonard CIRCULAR #1. 

Vitrohm resistors. FOR ELECTRICAL AND ELECTRONIC APPLICA- 

You'll also find them in hundreds of commercial and TIONS, our 64-page fact-jammed Catalog #15 gives you 
industrial applications where the variety, performance, the complete Vitrohm story. Write Ward Leonard Electric 
and uniformity of Vitrohm resistors have added up to Company, 34 South Street, Mount Vernon, N.Y. 
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With Quick-Connect 
aati es 


With Eyelet 
ey me aie) 


With Fork 
Oy lity 


236, 330 or 440 volts, 60 cycles, A.C. 


LEAK PROOF CONSTRUCTION: 


Cases are seamless, and tops (see drawing) are joined to cases via 
a double-rolled seam which provides not only a perfect and perma- 
nent seal but also incorporates exceptional mechanical strength. 
No solder is needed or used. 


SPECIAL IMPREGNANT: 


Cases are filled with Chlorinated Diphenol Resin — an impreg- 
nant which is non-flammable and has high dielectric qualities. It 
has exceptional stability and long life, even at high operating 
temperatures. 


CHOICE OF TERMINALS: 


Three types of terminals, (see 
illustration) to fit your particu- 
lar needs—speed connecting time whether you prefer mechanically 
joined or soldered leads. 






















MOUNTING BRACKETS FOR THE 
AC DRAWN OVAL 
CAPACITORS 


WIDE RANGE OF SIZES: 


Available for 236, 330 and 440 volts 
A.C., 60 cycles. Conventional or barrier 
type terminal mounting. Two types of 
mounting brackets. 





Write for Bulletin 237B 


oN ot ol Ty. U. Bam 


1950 SHERIDAN ROAD, NORTH CHICAGO, ILL. 


rs Since 1925 





















































include single-end magnetic clutche 
magnetic clutch brakes, and single-end 
and gearless differentials. Available also 
is a triplex magnetic clutch for Servo 
system applications requiring the possi. 
bility of engagement or disengagement 
of either one or both output shafts from 
a single input shaft. Sterling Precision 
Instrument Corp., Instrument Diy. 
rcle No. 74, Reader Inquiry Facility, Page 23} 
SHADED-POLE MOTORS —Complete line 
of shaded-pole motors ranging from 15 
watts through % hp are listed in an 
illustrated 10-page catalog, GEA-6134 
complete with a cutaway view of the 
new KSP39-frame models, available 
with ratings from Ye through % hp. 
Among their features are rolled ste] 
shell and aluminum end shields and all. 
angle operation. Detailed also are the 
features and specifications of other mo. 
tors for medium power and small fan 
drive requirements. General Electric Co, 
ircle No. 75, Reader Inquiry Facility, Page 23} 
STEPPING SWITCHES FOR DATA RE. 
DUCTION—How one type of rotary 
stepping switches is being used in a new. 
improved electric computing machine 
is described in a two-page brochure. Fx. 
plained is the part played by the switch 
in recording data, solving mathematical 
problems, and delivering answers in 
printed form. Automatic Electric Sales 
Corp. 
Circle No. 76, Reader Inquiry Facility, Page 23 


ROTATING SERVOMECHANISM COM- 
POTENTS—Specifications and charac 
teristics of over 130 synchros, servo mo- 
tors, resolvers are presented in a lé6- 
page booklet. Listings are provided for 
synchro transmitters, receivers, control 
transformers and resolvers. Specifica- 
tions also cover two-phase servo motors, 
induction motors, motor-driven tacho- 
meter-generators and related devices, in- 
cluding amplifiers and gear trains. Ad- 
justment and setting tools are also avail- 
able. Precision Components Div., Nor- 
den-Ketay Corp. 

No. 77, Reader Inquiry Facility, Page 231 


TRANSISTOR POWER UNIT—Power 
source, the Model 212-A, described in 
a 2-page bulletin, provides output volt- 
ages from 0 to 100 volts. Close control 
of voltage and a vernier provide useful 
outputs down to a small fractional volt; 
current rating is 100 ma. Electronic 
Measurements Co., Inc. 

No. 78, Reader Ir ry Facility Page 23! 


HYDRAULIC OIL ACCUMULATORS— 
Usefulness of a piston-type accumulator 
in improving hydraulic system perform- 
| ance and for clamping, shock-absorbing 
| and other auxiliary power applications 
| on machine tools and other equipment 
is pointed out in Catalog 1536. Accumu- 
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iron 
nick’ 
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2 Used in sulfuric and hydro- 
chloric acids, this pickling hook 


3 High heat of carbonitriding 


furnace does not affect this bus- 
ket made of (Monel? Nickel? 









of (Nickel? Monel? Incoloy?) has 
lasted 10 times longer than pre- 
vious ones of another metal. 







| ] The fatigue-resisting thermostat leaf spring in this steam 
| ion is made of an Inco Nickel Alloy named (Inconel? Dura- 
le nickel? Monel?) which keeps spring strength up to 700° F. 


Which is the right 
Inco Nickel Alloy 


4 Ina pump circulating corro- 
sive salt water, this heat treated 


5 (“‘K’’ Monel? Inconel? ‘’R’’ 
. 4 th © 6 5 Monel?) shaft gives strength of 
: or e jo & an alloy steel. It has outlasted 
. previous shafts. 

h x 

| ...or what? i 

n x 

$ 





Try this 70-second 


] ...see how well you match 


6 Radio tube designers consid- 
er (Duranickel? Nickel? Monel?) 
unsurpassed as base for stable, 


oan . 
; the alloy to the problem oxide-coated cathodes of high 
. - electron emissivity and long life. 


. (aded jo wi0yj0g 1 918 sAaMsuR) 


Each of these photos is a metal success story. 


There are 40 of them in the booklet titled A Helpful 
Guide to Standard Alloys for Special Problems. 


This booklet has facts that can help you with metal 


r selection problems of electrical manufacturing. 

, It has the WHY-WHERE-WHEN facts on selecting 

Inco Nickel Alloys. It also tells 8 vk" Monel? Nickel? “He 
” Monel?) gives rapid heat trans- 
you where to get more fer rate and protects food purity 


technical data. in this fruit juice evaporator. 






Why Not Write INCO Today 
for This Fast-Reading 
Valuable Booklet or refer to 


itin Sweet’s Product Design files. 


jeuow oodles ‘6 67 W all Street 






Inconel?), which keeps its 
strength up to 2200° F. 









5 In shipping liquid bromine, 
corrosive contamination is pre- 
vented by using lightweight 
drums of (Incoloy? Nickel? 
Monel?) 


7 This impeller cast of hard, 
corrosion-resisting (’’S’’ Monel? 
Nickel? Inconel?) has given 
367% longer service handling 
highly abrasive ‘‘Coke breeze.” 





9 Because of its machinability 
(Inconel? “R’ Monel? Nickel?) 
is used for the heat- and corro- 
sion-resisting electrode holder 
used here. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


New York 5, N. Y. 
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ANYWHERE? 


“Te Expaud Your 
AC Product Sales. , 


STANDARD and HEAVY Duty §f 


sINVERTERS, 


For Inverting D.C. to A.C. . Specially 
Designed for operating A. C. Radios, 4 
4 Television Sets, Amplifiers, Address 
4 Systems, and Radio Test Equipment 
% from D. C. Voltages in Vehicles, 


Ships, Trains, Planes and 
2 * 


in D. C, Districts. 


| </ NEW mODELs 
| 4/ NEW DESIGNS 
| 4/ MEW LITERATURE 


See youn jobber or wntte factory 


_ AMERICAN TELEVISION & Ravio Co. 
Zuality Products Since 1937 


SAINT PAUL 1, MINNESOTA—U. S. A. 


“A Battery Eliminators, 
DC-AC inverters, Auto 
Radio Vibrators 


240 


lator line includes 11 sizes, ranging in 
capacity from 10 to 1155 cu in. Rated 
working pressure is 3000 psi. Also de- 
scribed are newly announced precharg- 
ing accessories. Industrial Hydraulics 
Div.. Parker Appliance Co. 

Circle No. 79, Reader Inquir 


TRANSFORMERS—Catalog TR-55 lists 
685 transformers, 79 of which are new. 
Among these are dry disk rectifier trans- 
formers, power types, 
miniature 


a series of sub- 
audio models available in 
either hermetically sealed or open frame 
versions, additions to the high fidelity 
output transformer series, and other 
Additional listings cover toroids, 
geophysical transformers, vibrator pow- 
er supply transformers and other types. 
Triad Transformer Corp. 
No. 80, Ré 


types. 


jiC PNEUMATIC STANDARDS—Revised 
JIC Pneumatic Ctandards for Industrial 
Equipment are made available in a 12- 
page booklet containing the complete 
text of Standards, 2 pages of graphical 
symbols, and a sample pneumatic circuit 
employing these symbols. Also, a glos- 
sary of terms and other data. Miller 
Fluid Power Co. 
No. 81, Ré 


THERMOCOUPLES AND COMPONENTS 

Base and noble metal thermocouples 
are cataloged in a 16-page booklet also 
describing a line of protecting tubes 
thermocouple wires and extension lead 
wires. Also available are insulators and 
accessories. Arklay S. Richards Co., 


Inc. 
No. 82, R« 


HEAVY-DENSITY METAL ALLOY— 
Machinable tungsten-copper-nickel al- 
loy, used where high density is required 
in small space, is described in a 20-page 
illustrated booklet. Designed Fansteel 
77, the alloy is twice as heavy as steel 
and 50 per cent heavier than lead. Made 
by powder metallurgy, it is available in 
almost any desired shape or size. Prop- 
erties are listed and applications des- 
cribed, including use in parts for rota- 
tional control. Fansteel Metallurgical 
Corp. 
No. 83, 

' 

LIQUID-TYPE, FLEXIBLE ELECTRICAL 
WIRING CONDUIT—-Two series of 
liquid-type, flexible conduit are describ- 
ed in Bulletin S-537, one of which, Type 
E.F. meets JIC requirements for electri- 
cal wiring conduit use on machine tools 
in industrial equipment. Feature is its 
extra flexibility. The other, Type U.A., 
retains great flexibility and remains im- 
pervious to corrosive moisture and oils 
up to 60 C. UL-approved for use in wet 
spots, it conforms to provisions of Arti- 
cle 351 of the National Electrical Code. 


BALLS: 


MADE OF STEEL. 
BRASS, BRONZE, MOn;: 
METAL, STAINLESS sre; 


The Aristocrat of 
Bearin gs 


BALL BEARINGS 


AMERICA’S ONLY 
BALL BEARING WITH 
HONED RACEWAYS 


HOOVER BALL 
AND BEARING COMPANY 
ANN ARBOR, MICHIGAN 
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Our extruders have turned out enough plastic and rubber extru- 
sions to reach to the moon and halfway back. In compiling this 
vast experience General Tire’s Industrial Products Division has 
supplied thousands of original equipment manufacturers with just 
about every known type of extrusion. No job is too large, too 
small or too complicated for our design and production staff. 
Perhaps you can benefit from the fantastic extrusion mileage 
we’ve accumulated down through the years. 

For literature or further information write to The General Tire 
& Rubber Company, Wabash, Indiana, Department FE. 


WABASH INBIAMA 


* From Plans to Products a Plastics and Rubber 


CTURING AUGUST 1955 
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TWO HEADS ARE BETTER 
THAN ONE 


Sometimes two heads are the only solution to 
a part or fastener problem. Take a quick look 
at the belt buckle roller illustrated. This was a 
really special job and it solved a special prob- 
lem for both the Armed Services and their sup- 
pliers. The big problem here was to produce 
this roller in quantity, inexpensively and 
quickly .. . and HASSALL double-heading did 
the trick. 


Double-heading is only one example of the almost 
limitless possibilities Hassall cold-heading offers you. 
If you have a fastener problem just send us samples 
or specifications for a quotation. 


WRITE FOR CATALOG. ... with it we will send 
our popular decimal equivalent wall chart. 
John Hassall, Inc., Box 2225, Westbury, L.|., N. Y. 


HASSALL 


bie e USE debra dO 


NAILS, RIVETS, SCREWS 
AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 


SINCE 1850 
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Specifications and illustrated Case hj 
tories are provided. The America > 
:0., American Metal Hose Diy. 

rcle No. 84, Reader 


n Brass 


inquiry Facility, Page 23) 


SINGLE-ACTUATED DUAL SWITCH 
Single-actuated dual switch. described 
in preliminary data sheet P100, Consists 
of two basic switching units Operated 
by a roller lever actuator. Operatin 
point of one of the basic Switches . 
field-adjustable so that either double. 
pull, double-throw switching or a def. 
nite sequence of switching is provided 
Electrical ratings, characteristics ad 
possible switch combinations are among 
the subjects discussed. Micro Switch 
Div. of Minneapolis-Honeywell Regula. 
tor Co. 

Circle No. 85, Reader 


4iry Facil ty, Page y>) 


MOTOR CONTROLS—Designed specif. 
cally to aid in the selection of moto, 
control components for air conditioning, 
heating, ventilating, pump, and com. 
presser equipment, illustrated 42-page 
catalog provides data on a-c manual 
starters, small motor switches, d-c and 
d-c magnetic controls, a-c magnetic ye. 
lays and magnetic starters, and push. 
button stations. Additional listings de. 
scribe pressure switches, float switches, 
thermostats, and related components, 
Cutler-Hammer Inc. 


cr 
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GUIDANCE AND CONTROL INSTRU- 
MENTS—Folder containing 14 technical 
bulletins provides data on such conm- 
ponents as rectilinear potentiometers, 
accelerometers, and various types of 
gyros, including rate, free and vertical 
models. A miniature rectilinear potenti- 
ometer and a high-temperature acceler- 
ometer are typical of other components 
described. Application data, weight and 
dimensions, as well as performance and 
general specifications are provided. 
Pacific Scientific Co. 

e No. 87, Reader Inquiry Facility, Page 23] 


FIBERGLAS-REINFORCED MOLDING 
COMPOUNDS—Fact-folder on Fiber- 
glas-reinforced molding compounds pre- 
sents case histories of current applica- 
tions and data sheets for several types 
of currently available compounds. Add- 
ed feature is an up-to-date list of manv- 
facturers of the materials. Owens-Corn- 
ing Fiberglas Corp. 

e No. 88, Reader Inquiry Facility, Page 231 


COMPRESSED SHEET MICA PRODUCTS 
—Utilizing compressed sheet mica in 
its handsome cover, Catalog No. 25 pro- 
vides technical descriptions and specifi 
cations of compressed sheet mica and 
compressed sheet mica products by 
means of self-indexed product reference 
pages, each of which has its marginal 
title exposed. Data are provided on India 
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Potted (sealed) Vac-u-Sel rectifier 





Textolite* tube construction 


Vac-u-Sel rectifier with metal-clad housing 





Standard (stud) Vac-u-Sel stack 








Tube-mounted Vac-u-Sel rectifier 
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Miniature Vac-u-Sel rectifiers 


10 HELP YOU DESIGN QUALITY INTO YOUR PRODUCTS ... 


NEW G-E Application Approach That Selects 
The Exact Vac-o-SeZ Rectifier You Need 


This new application approach, recently 
developed by General Electric, assures 
you of getting the correct Vac-u-Sel 
rectifier to meet your exact requirements. 
Now you are assured of getting the full 
advantage from the long life and out- 
standing technical characteristics inher- 
mt in all the many sizes and types of 
Vac-u-Sel rectifiers. In addition, in prac- 
tically all cases, the sales engineer can 
give you the exact identification and 
price of your stack on the spot, without 
the inconvenient delay involved in getting 
data from the factory. 


THIS NEW APPLICATION APPROACH 
brings top quality to your products by 
permitting complete and efficient utiliza- 
tion of the outstanding electrical charac- 
teristics, dependability, and predictable 
operation found in the many sizes, hous- 
ings, finishes, and ratings of Vac-u-Sel 
component rectifiers. 

FOR MORE INFORMATION on this new 
application approach, or the outstanding 
Vac-u-Sel line of rectifiers, contact your 
nearest G-E Apparatus Sales Office, or 
write Section 461-38, General Electric 
Co., Schenectady 5, N. Y. 





G-E SALES ENGINEERS are able to determine, 
on the spot, the exact Vac-u-Sel stack to suit 
your particular application. 


*Reg. Trade-mark of General Electric Co. 
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| from a single 


CYCLOSPRAY etcuine machine 


The experience of this electronics manufacturer is 
typical of the many who have standardized on the 
Cyclospray Copper Etching Machine to etch their printed 
circuits. But fast etching speed is only one of the ad- 
vantages Cyclospray offers: controlled uniform etching 
depth; simple plate holding device; counterbalanced 
cover for fatigue-free operation — all the advantages 
that have made the Cyclospray the preferred copper 
etching machine among photoengravers for many years. 


SSEESHSSSSSESSSSSSSSSHSHSSSHEHSSEHSSSHSHSSSHSHSHSHSHHSOHHSOOOS 


@ FACE-DOWN ETCHING PRINCIPLE MITS CLOSE REGULATION OF 
MEANS FAST UNIFORM ETCHING SPRAY AND ETCHING SPEED. 


OVER THE ENTIRE CIRCUIT. 
@ SO SIMPLE THAT ONE OPERATOR 


@ TWIN PADDLES PROVIDE CON- CAN HANDLE TWO MACHINES. 
TROLLED FINENESS OF SPRAY 


@ WILL ETCH A PLATE UP TO 
@ VARIABLE SPEED CONTROL PER- 23” x 25”. 
WRITE FOR BULLETIN 84-D 
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U. S. STONEWARE 


AKRON 9, OHIO 


ah 


122-E 


milled molding plate, milled segm 
ent 


plate, and unmilled molding | 
Specifications are also provided tes = 
cone-bonded flexible mica sheets 36x. 
in., mica paper and cloth, and heate 
plate. Among other available produ . 
are mica and Fiberglas combination, 
and mica commutator rings and 
and tubing. The McCallen Co. 

le No. 89, Reader Inquiry Facility 
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RELIABLE ELECTRICAL CONNECTIONS 

-This first of a series of bulletins de. 
voted to the problem of making reliable 
electrical connections describes automat. 
ic measuring, cutting and stripping ma- 
chines; outlines steps for solving wire 
processing and other problems; and il 
lustrates typical wire stripping projects 
company has undertaken. Rush Wipe 
Stripper Div., The Eraser Co., Inc, 

rele tte. 98, Reader Inquiry Fact 


ALKYD MOLDING COMPOUNDS — 
Proper tools, equipment and techniques 
for best results with fabricator’s alkyd 
molding compounds are covered in a 
newly revised 8-page booklet. Discussed 
are molding presses and equipment; 
mold design and construction; preheat. 
ing, preforming, molding techniques; 
and the use of inserts. Putty, granular 
and reinforced alkyds are discussed, 
with specific recommendations made for 
each type of material. Barrett Diy., Al 
lied Chemical & Dye Corp. 
Circle No. 91, Reader Inquiry Facility, Page 23} 


FRACTIONAL- AND INTEGRAL-HORSE. 
POWER MOTORS—Line of 1% to 30 hp, 
single phase, polyphase and d-c motors 
is described in an 8-page catalog provid- 
ing data on types and ratings of avail- 
able motors and enclosures, as well as 
on special mountings and modifications, 
Tables list fractional and integral horse- 
power frame sizes and the standards and 
specifications to which manufacturer 
can adhere. Motor Div., Peerless Elee- 
tric Co. 

e No. 92, Reader Inquiry Facility, Page 231 


HARMONIC-FILTERED VOLTAGE STA- 
BILIZERS—Three standard Harmonic 
Filtered Voltage Stabilizers, offered for 
use with equipment requiring both a 
constant voltage source and a harmonic 
free voltage source, are described in 2- 
page product data bulletin 4-261. Fea- 
tures include a harmonic content of less 
than 3 per cent, an output voltage con 
stant within +14 per cent for input 
voltage fluctuations between 95 and 130 
volts. and rugged construction with no 
moving parts. Raytheon Manufacturing 
Co. 

Circle No. 93, Reader Inquiry Facility, Page 231 


GEAR HANDBOOK — Approximately 
100 photos, graphs, tables and technical 
views illustrate a 44-page reference on 
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ADJUSTABLE SPEED 
EDDY-CURRENT DRIVES, 
COUPLINGS, BRAKES, 

DYNAMOMETERS 


The Modern Method of Adjustable Speed 
Control and Testing for a Wide Range of 
Industries 


Dynamatic Eddy-Current Couplings, Brakes, 
Dynamometers, and Ajusto-Spede“ Drives are 
in use today in practically every industry—both 
in plant equipment and end products. They 
offer the advantage of rapid response, wide 
speed range, quiet operation, low power loss, 
low maintenance cost, and infinitely adjusta- 
ble speed control from an AC power source. 


Send for our new Bulletin GB2, 
describing and illustrating the 
basic Dynamatic Eddy-Current units. 


—______—_- DYNAMATIC DIVISION 
EATON MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE 


e KENOSHA, WISCONSIN 


10 

G) PRODUCTS: Sodium Cooled, Poppet, and Free Valves ® Tappets ® Hydraulic Valve Lifters * Valve Seat Inserts ® Jet 
Engine Parts ® Rotor Pumps ® Motor Truck Axles * Permanent Mold Gray Iron Castings ® Heater-Defroster Units ® Snap Rings 
Springtites *Spring Washers *Cold Drawn Steel *Stampings *Leaf and Coil Springs *Dynamatic Drives, Brakes, Dynamometers 
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71.3%MORE 
DIELECTRIC 
STRENGTH wit 








ELECTRICAL TAPE 


Prove F.O.S. 
superiority 

with simple 
“Light Test’ 








Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 
position and our unique Strontium 90 
Isotopic method of applying it to the back- 
ing. Result — a denser, more even, more 
consistent adhesive coating with unusually high dielectric ratings = 
71.3% higher than leading competitive tape. Try it! 


Dielectric Volts 


Leading competitive tape 





F.O.S. electrical tape 


WRITE FOR FREE SAMPLES—Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.O.S.—it pays you in superior, dependable 
performance. Write now for free samples. 


UII! 





F.0.S. INDUSTRIAL TAPE DIVISION Ps 





THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN. 


gear-making that reviews the 
types of gears, describes gear test; 
and discusses recent trends in au 
etry. Engineering graphs and tables ox 
bodied in a Gear Design Formula - 
vide valuable reference data. Subjen, 
discussed range from cause of ih 
tooth failure to remedy for gear erro 
heat-treating techniques, and many ca 
problems. Sier-Bath Gear & Pump Co 
Inc. . 
e No. 94, Reader 


Principal 


lity Facility, Page 23) 


ENGINEERING MATERIALS — Sixteen 
page bulletin covers the Properties, 
grades and uses of National vulcanized 
fibre and Phenolite Laminated Plastics, 
Tables list the general properties of 
commercial fibre, bone fibre, and Peer. 
less insulation. Among the 40 grades of 
Phenolite laminated plastics are types 
containing such base materials as paper 
asbestos, fibrous glass and nylon, Case 
histories match physical properties of 
materials to typical uses. National Vyl. 
canized Fibre Co. 

Circle No. 95, Reader Inquiry Facility, Page 23) 


RUGGEDIZED INSTRUMENTS—Catalog 
A38B illustrates and describes a com. 
plete line of ruggedized and sealed 
panel instruments in 14%, 2%, 3% and 
41% in. sizes. Available are both indus. 
trial and military d-c, rectifier-type ac, 
thermo, and movable-iron-type a-c in. 
struments. Units in 2% in., 3% in. and 
41% in. sizes have an external zero cor- 
rector; all instruments may be easily 
opened and resealed using a screw- 
driver. Weston Electrical Instrument 
Corp. 


r 
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DAMPING DEVICE HANDBOOK—Cover- 
ing the design, construction and oper 
tion of damping devices, illustrated 22- 
page handbook reviews the development 
of damping devices from the early, sim- 
ple dash pot to the latest compact units. 
Included is a description of the use of 
closed circuit diagrams and load-velocity 
charts for the measurement of damping 
device performance. Discussed is manu- 
facturers Trigraph, used for visualizing 
and planning damping actions for speci- 
fic requirements. Six standard damping 
devices are shown and described in de- 
tail drawings and charts. Dept. SF, The 
Gabriel Co. 

Circle No. 97, Reader Inquiry Facility, Page 23) 


PHENOLIC MOLDING COMPOUNDS— 
Physical properties of fabricator’s phen- 
olic molding compounds, classified in 
groups, are listed in an illustrated book- 
let. Data are provided on standard, low- 
er-pressure, high-quality and special- 
property general-purpose compounds, as 
well as on medium impact materials, 
high impact materials, and nitrile-rub- 
ber bearing materials. Additional spect 
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a NEW 


TUG Caractron movor: 


FEATURES 


. Heavy Pressed Steel Cases. 


. Self-Aligning Bearings with 
the design characteristics of 
sleeve bearings. 


. Double varnish impregnated 
... heavy insulation assures 
high dielectric strength. 


. Precision-Balanced Die Cast 
Rotor. 


. Highest Horse Power... 
Highest Power Factor and 
Efficiency per pound of any 
like motor in the field. 


*Available in All Ratings up to 144 H.P 


ere’s something new . . . something different . . . something original 
in capacitor motors ... motors that offer the low-cost and ruggedness 


of shaded pole motors plus the excellent torque characteristics 


of a distributed, wound capacitor motor. 


APPLICATIONS: Direct Drive Blowers for Refrigeration, Heating and 
Air Moving Equipment, Vending Machines and many other applications. 


We invite you to consider Fasco Permanent Split Capacitor 
Motors for your present and future requirements. Tell us what 
they are, and we'll be glad to send you complete specifications. 


Visit our Booth, Number 208 
9th Exposition—Air Conditioning 
and Refrigeration Industry 
ATLANTIC CITY 
November 28th to December Ist 
inclusive 
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FILTORS, sxc. 
SU UT eNES 




































The Smallest 
Subminiature 


Available 


MOUNTING STYLES 
TO MEET ALL 
YOUR REQUIREMENTS 


Filtors, Inc. is a major sup- 
plier of subminiature 6-pole 
and 4-pole relays. Our facili- 
ties are now utilized 100% 
for the development and pro- 
duction of relays of the high- 





Outstanding 





LIGHTWEIGHT 
ROTARY MOTOR 


Precision built, with hy- 
drogen annealed parts. 


5. LONG LIFE 


Also available 
ING construction, electrical 
reset, in contact arrangements 
up to and including 4PDT. 
is the same as 
shown above, except for the 
number of terminals and the 
height of the enclosure, which 
is %” greater. 


a&Oon = 








Meets or exceeds 
ments of MIL-R-5757B. 


Send for NEW CATALOG today 


0 Sagamore Hill Drive 

ort Washington, L.I., N.Y. 
Please send us your NEW CATALOG on 
Subminiature Relays. 


FILTORS, Inc. . 


fications cover electrical insulating, heat- 
resisting, non-bleeding and chemical 
| and moisture-resistant materials. Durez 
Plastics Div., Hooker Electrochemical 
Co. 

e No. 98, Reader juiry Facility, Page 


MOLDED RESISTORS—Weather-resistant 
molded resistors made in a range of 6 
resistance values from 1000 ohms to 10 
million megohms are described in a 4- 
page folder listing their characteristics 
and applications. Specifications are also 
provided for 3-watt high-voltage types 
available with values from 100 to 100,- 
000 megohms. Maximum surface tem- 
perature, upper limit, for both types is 
170 F for continuous operation. S. S. 
White Dental Manufacturing Co., In- 
dustrial Div. 
e No. 99, Reader Inquiry Facility 


FULL-WAVE ADJUSTABLE-SPEED 
DRIVE—General-purpose, full- wave, 
Thy-motor drive, featuring printed con- 
trol circuits, is the subject of 8-page 


bulletin GEA-6234. Text and _ illustra- | 


tions point out panel and motor con- 
struction features as well as typical in- 
dustrial applications. Dimensions and 
ordering information are provided for 
available motor designs and control 
panels. General Electric Co. 

e No. 100, Re 


ELECTROMECHANICAL PRODUCT FA- 
CILITIES—Illustrations and lists of rep- 
resentative products made to customer 
specifications indicate wide range of 
fabricator’s engineering know-how and 
production record for special equip- 
ment. Available is a research depart- 
ment equipped for any type of develop- 
ment; organization and operation of the 
Quality Control Department conforms 
fully to requirements of MIL-Q 5923 B. 
Production facilties are listed in detail. 
Ansco Div. of General Aniline & Film 
Corp. 
rcle No. 101, Reace juir 


SUBMINIATURE TOGGLE SWITCHES— 
Lightweight (0.22 oz) 10-amp, 50-volt 
d-c subminiature toggle switches are 
described in a l-page folder. Silicone 
boots are available to cover the handle 
for panel sealing; terminals suitable 
for use with printed circuitry can be 
supplied. Electronics Div., The Torsion 


Balance Co. 


Circle No. 102, Reader 
| BALL-BEARING POTENTIOMETERS — 
Two-in., high-precision ball bearing po- 


tentiometers, Series BC-200, are describ- 


pointing out such performance char- 


acteristics as an average starting torque | 
| lets, springs, discs 


of 0.5 oz-in. per unit, and a rotational 
life of over one million cycles; backlash 
is 0.05 deg max between any two sec- 


tions. Independent linearity: +0.5 per 





FOR RELIABLE 
| ASSISTANCE WITH SOLDER 
AND FLUX PROBLEMS... 


SEE THE (ULE MEN 





| ed and illustrated in a 4-page brochure | solid wire, acid or 


| rosin core. ALL SIZES, 












highly trained field SPECIALISTS 
ALWAYS available in YOUR 
TERRITORY to give you 
QUALIFIED ASSISTANCE. 
ALPHA METALS, INC. 


64 Water St., Jersey City, N. J. 


QUALITY CONTROLLED PRODUCTS 
BY SPECIALISTS in Solders, Fluxes, Tin 
& Lead Products FOR OVER 50 YEARS. 


SOFT SOLDER Bad 4aelqub) 


Designed and made to 
your specific require- 
ments. 

For use with flame, 
oven or induction 
heating. PREFORMS 
speed automatic sol- 
dering. Made from 





SHAPES and ALLOYS 
...fings, washers, pel- 


and other shapes. 


WRITE FOR BULLETIN 
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Design and Workmanship 

is second to none in Pylet cast 
metal conduit fittings. They 
cover every requirement from 
service entrance to power 
outlet in hazardous and 
non-hazardous locations. 


Taper threaded hubs tapped 
straight and true assure tight 
joints and perfect alignment of 
conduit and cover openings. 


Cadmium plating of high 
lustre and thickness provides 
attractive appearance as well as 
unexcelled protection against 
corrosion. 


A complete line including 
circuit control Pylets, plugs and 
receptacles in all sizes and 
ratings, industrial lighting 
fixtures and floodlights. 


Specify Pylets for superior 
performance and long range 
economy. 


Literature furnished on request 


THE PYLE-NATIONAL COMPANY 


SINCE 1897 } 


CIRCUIT CONTROLS «© PLUGS AND RECEPTACLES «+ LIGHTING FIXTURES + FLOODLIGHTS 
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DO YOU NEED 
MORE VOLUME? 


% FEWER REJECTS? 
* BETTER QUALITY ? 


As specialists we can provide coils of the exact 
quality you need —in quantity, and fast. We 
can duplicate your sample quickly, test it thor- 
oughly, and start production promptly. Our 
automatic time-saving equipment and modern 
testing devices are geared for high-speed volume 
output. 


We can also be helpful at the design stage. 
Nearly 40 years of experience have taught us to 
know the right materials . . . and how to com- 
bine them to get the results you want. 


Let Coto-Coil solve 
your coil winding 
problems. 


For information write to Coto-Coil Company, 
63 Pavilion Avenue, Providence 5, R. I. 


New York Office: 10 East 43rd Street, New York 17, New York. 


tClSy5 
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cent standard (0.2 per cent possible), 

Applications include use in multiple 

servo assemblies. DeJur-Amsco Corp. 
No. 103, Reader Inquiry Facility, page 23] 


LOW-TEMPERATURE ELECTROLYTIC 
CAPACITORS—Electroyltic capacitors 
described in a 2-page bulletin were de- 
signed especially for service at low am- 
bient temperatures, with a range from 
—55 to 65 C (for short operating 
periode to 85 C). Voltage ratings: 25, 
50 and 150 VDCW. Both available basic 
styles are of etched aluminum foil in 
hermetically sealed metal case. Cornell- 
Dubilier Electric Corp. 

No. 104, Reader Inquiry Facility, page 
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TRANSISTOR TEST EQUIPMENT—In- 
cluded in the transistor test equipment 
described in an illustrated 1-page bulle- 
tin is an automatic transistor noise fig- 
ure meter, and alpha tester and a tran- 
sistor comparison tester. Flexibility of 
performance is said to prevent obsoles- 
cence by new transistor types. Electronic 
Research Associates, Inc. 

Circle No. 105, Reader juiry | ty, page 23] 


AN ELECTRICAL CONNECTORS— Avail- 
ability of over 175 types of AN connec- 
tors is pointed out in an illustrated 4 
page brochure providing general infor- 
mation on applications, performance re- 
quirements, size and capacity, basic 
parts and numbering system used. Data 
on the manufacturer’s line covers shell 
construction of available types. Inserts 
have an are resistance of approximately 
140 sec. Deutsch Co. 

No. 106, Reader Inquiry Facility, page 23] 


RIVET SELECTOR—‘Slide-rule” 4-in. x 
8-in. selector gives dimensions, clinch 
allowances and clearances for standard 
rivets. Selector is divided into four 
parts, providing specifications for bifur- 
cated, cutlery, drilled and extruded 
rivets. Milford Rivet Co. 

rcle No. 107, Reader Inquiry Facility, page 


N 
Ww 


MAGNETIC CORES—Specifications and 
data on standard grades of Ferramic 
S-1 magnetic cores are provided in a 
4-page brochure complete with a table 
of magnetic properties, listings of stand- 
ard core sizes, and curves. General 
Ceramics Corp. 

rcle No. 108, Reader Inquiry Facility, page 231 


FINE PITCH GEARS—Reviewed in an 
illustrated 4-page brochure are facilities 
for producing to customer specifications 
medium- and small-size spur, helical 
and straight bevel gears in fine and 
extra-fine pitches. Also produced are 
worms, worm gears, splines, ratches, 
segments, serrations, and other special 
toothed forms. Work is held to toler- 
ances within 0.0005 in. Beaver Gear 
Works, Inc. 

e No. 109, Reader Inquiry Facility, page 231 
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Testing die-cast clutches and cams 
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The New Clemson 18” power lawn mower 





- aa 
' 
«a. | New Lightweight Power i 
rec- | } 
1 4. 
o. | Lawn Mower--- 
re- 
asic | ine . i 
ata | Utilizes 34 die-castings to 
a | cut production costs, assembly 
ely | time and integrate parts 
031 
No stranger to die-castings (having spec- 
” ified them successfully since the earliest 
os 1937 model), Clemson Bros., of Middle- 
nasil town, N. Y., a leading lawn mower manu- 
our facturer, decided to go all out on their 
ath new power unit. Reason: Clemson found 
led die-castings cut costs and could withstand 
functional shock, stress and strain. In ad- 
23] dition, engineers had increased freedom in 
designing : a more efficient, sales-appealing 
ind | machine. Working closely with Precision 
nic die builders, they made maximum use of 
1 a | modern die-casting techniques to produce 
ble | complicated steel inserts, worms, sleeves, 
nd- | gears, cam surfaces and achieve unusual i If you are planning to design functional parts, why not : 
ral | contours. Majority of machining done by v5 : Extensive Use of _ into the advantages of aluminum, magnesium or zinc 
i . e sor . 5 é S ie-castings. Precision’s team of creative engineers willbe : 
the die-caster simplified asse mbly of com- Functional Die-Castings — iad to show you how this modern production process can: 
231 ponent parts, many of which were held 3 Pays Dividends aoe nena oe ion tee ok cea snameae 
to such close tolerances they could be : for a copy of “‘Die-Castings...Unlimited.” Address: Preci- : 
an used “as cast.’ sion Castings Co., Inc., 311 Walnut St., Fayetteville, N.Y. ; 
SS oehU —C—<“<i‘“‘CS;SC”~C«éC 8 GR a  iscencneniemtianmmrtniiigicieessestgpsiiinsstntsitcinisitmmamatdiieiiaéiiidantaaitaiata lan i 
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| | PRECISION CASTINGS CO., INC. « 
- | L World’s largest independent producer: aluminum, magnesium and zinc die che? 


par ' 
FAYETTEVILLE, N. Y. — SYRACUSE, N. Y. — CORTLAND, N. Y. — NEW YORK, N. Y. 


231 | CHICAGO, ILL. — CLEVELAND, OHIO — KALAMAZOO, MICH, 





ING ' AUGUST 1955 - 








Associations 











with ALCOA’ 
Aluminum Fasteners 


available at your local 


Theme Set for Symposium on Reliability 
and Quality Control in Electronics 


Randolph St., Chicago 1, Ill. The Cop. | 
ference is opened to all members of 





yout ee 


%) 
se ; SME. ASLE and guests. 
Success of the first National Symposium both ASME, ASLE and guest ’ 
on Reliability and Quality Control in 


Electronics, held in New York in 1954, 
has prompted the original sponsoring 
organizations to plan a second sympo- 
sium with the theme: “A Progress Re- 
port on Reliability.” Meeting is planned 
for January 1956. 

In addition to the two original spon- 
sors, the Professional Group on Reliabil- 
ity and Quality Control of the Institute 
of Radio Engineers and the American 
Society for Quality Control, the second 
symposium will have an additional spon- 
sor, the Radio-Electronics-Television 
Manufacturers Association. 

Plans have been made for a_pro- 
gram including four formal sessions and 
two panel discussions. 

The preliminary schedule includes, 
among others, papers on “Quality Con- 
trol and Automation”; “An Approach to 
the Study of System Reliability”; “Ad- 
vances in Tube Reliability”; and “Con- 
trolling Relay Characteristics.” 

Topics to be discussed at the panel 
discussions will include: High Reliabil- 
ity vs Cost of Equipment and Parts; 
System Testing vs In-Process Control; 
and Variables Sampling vs Attributes 
Sampling. 

D. A. Hill, Hughes Aircraft Co., Cul- 
ver City, Calif. is Program Chairman. 
General Chairman of the Steering Com- 
mittee is J. W. Greer, Bureau of Ships. 


ASLE-ASME to Hold Joint 
Lubrication Conference 


Fourth Annual Meeting 


Awards to outstanding engineers who 
have contributed to the development and 
use of standards will be one of the 
highlights at the Fourth Annual Meet. 
ing of the Standards Engineers Society, 
to be held at the Hotel Statler, Hart. 
ford, Conn., Sept. 29-Oct. 1. 

The awards will be presented at a | 
luncheon Friday, Sept. 30. 

Principal speaker at the morning ses- 
sion that day will be Dr. C. R. DeCarlo, 
director of applied science, IBM World 
Headquarters, New York, who will 
speak on the subject “Without Stand. | 
ards, No Automation!” 

The afternoon session will review 
“National Strength Related to Standard- 
ization.” Moderator for the panel dis- 
cussion will be Roger E. Gay, director 
of Cataloging, Standardization, and In- 
spection, Office of the Assistant Secre- 
tary of Defense for Supply and Lo- 
gistics. 


} 

Standards Engineers Society Schedules | 
| 

: 


——— 


ee 


Succeeding sessions will also consist 
of panel discussions. Further informa- 
tion may be obtained from the program 
chairman, Mr. Arnold B. White, Veeder- 
Root, Inc., Hartford, Conn. 


M. D. Hooven Named 

President of AIEE 

Election of officers of the American In- 
stitute of Electrical Engineers, with 
Morris D. Hooven, electrical engineer, 


The second Joint Lubrication Confer- Public Service Electric and Gas Co., 
ALCOA distributor ence sponsored by the Lubrication Newark, N. J., as the 1955-56 president, 
: Activity Committee of the American was announced at the 71st annual meet- 

— fill out coupon for 


complete application 
elem yaaa eet aley 









Society of Mechanical Engineers and 
the American Society of Lubrication 
Engineers will be held at the Antlers 


ing of the Institute. 
Regional vice presidents chosen were: 
Bradley Cozzens, assistant chief elec- 


dota... Hotel, Indianapolis, Ind., Oct. 10-12. trical engineer, Department of Water 

D. F. Wilcock, General Electric Co., is and Power, City of Los Angeles, repre- 

Conference Committee Chairman. senting the Pacific District. Evan R. 

ALUMINUM COMPANY The six sessions scheduled will cover Jones, toll circuit layout supervisor. 
OF AMERICA 





2241-H Alcoa Building, 
Pittsburgh 19, Pa. 


Gentlemen: 


Please send complete specification data 
and samples of your aluminum fasteners. 


eeoeeeereeeeeeeereeeeeeeeee 


Bearing Instability; Recent Studies in 
Hydrodynamic Lubrication; Lubricants; 
Rolling Element Bearings; and Boun- 
dary Lubrication. In all, a total of 28 
papers will be delivered. 

Further information on the program 


Mountain States Telephone and Tele- 
graph Co., Denver, representing the 
North Central District; and William. v. 
Miller, head of the electrical engineer- 
ing department, University of Alabama, 
University, Ala., representing the South- 


Name may be obtained from D. F. Wilcock, ern District. 

Title General Electric Co., General Engineer- Also chosen as vice presidents were 
Fadia ing Laboratory, 1 River Rd., Schenec- Cullen cs Pearce, Middle Atlantic en- 
; tady 5, N.Y., or from the American So- gineering service manager, Westing- 

ee eee VS LARIAT LEAT ciety of Lubrication Engineers, 84 E. house Electric Corp., Philadelphia, for 
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AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, 
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 


AUGUST 1955 


NEW UNIVERSAL 
PATCHCORD 
PROGRAMMING 


SYST EMS are designed especially for programming required on 


® Analog Computers e Test Equipment 
® Digital Computers e Automatic Control Equipment 
@ Data Processing Equipment and similar devices 


These units incorporate many new design features that assure reliable 
programming for the most critical applications. They are now available 
with 240, 816 and 1632 contacts. 


© A-MP ® 


Harrisburg, Pa. 
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STANDARD 


AIRCRAFT 
APPLIANCE 
ANNUNCIATOR 
AUTOMOTIVE 
COIN MACHINE 
FLASH LIGHT 
INDICATOR 
PHOTO-ELECTRIC 
RADIO & TV DIAL 
SIGN & SIGNAL 
SURGICAL & 
OPTICAL 


Coated 
Natural 
Frosted 


-070 in. OD 
to 
5.00 in. OD 





write to 


CHICAGO MINIATURE 


eee 
1504 N. OGDEN AVENUE 
CHICAGO 10, ILL. 
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Calendar of Meetings 


Aug. 15-18 — Pacific 
Meeting; American Institute of 
Electrical Engineers. 


Hotel, Butte, Mont. 


General 


Finlen 


Aug. 22-23—Symposium on Elec- 
tronics in Automatic Production: 
sponsored by Stanford Research 
Institute and the National Indus- 
trial Conference Board, Sheraton- 
Palace, San Francisco. 


Aug. 24-26—Western Electronic 
Show and Convention: West 
Coast Electronic Manufacturer's 
Association and Los Angeles and 
San Francisco Sections of IRE. 
Civic Auditorium, San Francisco. 


Sept. 6-17—National Machine 
Tool Show and Production Engi- 
neering Show. National Machine 
Tool Builders’ Association; Inter- 
national Amphitheatre and Navy 
Pier, Chicago. 


Sept. 6-17 — Metalworking Ma- 
chinery & Exposition: 
Coliseum, Chicago. 


Chicago 


Sept. 12-16—Tenth Annual Con- 
ference and Exhibit; Instrument 
Society of America: Shrine Ex- 
position Hall and Shrine Audito- 
rium, Los Angeles. 


the Middle Eastern District; and B. G. 
Ballard, director, Radio and Electrical 
Engineering Division, National Re- 
search Council of Canada. Ottawa, for 
the Canadian District. 


ASTE Charters New Chapters 
The American Society of Tool Engineers 
continues to add new chapters at a 
steady pace. Latest charters to be grant- 
ed were to the East Texas, the Ash- 
tabula, Ohio, and the Northwestern 
Pennsylvania chapters. These additions 
bring ASTE’s chapter total to 128. 
Hugh D. Garrison, Le Bus Rotary 
Tool Co., Longview, is charter chairman 
of the East Texas chapter. Chairman of 
the Ashtabula chapter is Carl Zehr, Carl 
Zehr Co., Ashtabula, with Kenneth M. 
Stoll, designer at Sylvania Electric Inc., 
Emporium, Pa., occupying the same po- 
sition in the Northwestern Pennsylvania 
chapter. 


Sept. 19-22—Tenth Anniversary 
National Meeting; Society of In- 
dustrial Packaging and Materials 
Handling Engineers, Kings- 
bridge Armory, New York City. 


Sept. 26-27—Symposium on 
\utomation; Radio-Electronics- 
Manufacturers Asso- 
Irvine Auditorium, 
University of Pennsylvania, Phila- 
delphia. 


Television 
ciation, 


Sept. 28-29—Industrial Electron- 
ics Conference; American Insti- 
tute of Electrical Engineers, and 
Professional Group of Industrial 
Electronics of IRE: 

Memorial Auditorium. 


Mich. 


Rackham 
Detroit. 


Sept. 29-Oct. 1 — Annual Meet- 
ing. Standards 
cy; Hotel 
Conn. 


Engineers Soci- 
Statler. Hartford. 


Oct. 3-5—National Electronics 
Conference; National Electronic 
Conference, Inc., Hotel Sherman. 
Chicago. 


Oct. 3-7—Fall General Meeting: 
\merican Institute of Electrical 
Engineers. Morrison Hotel, Chi- 


‘a0 
cago. 


Contest Opens for Versatility in 
Design and Use 
Entries are now being accepted for the 
60 categories of the Hess Brothers 1956 
Versatility in Design and Use Contest, 
a competition honoring designers. manu- 
facturers and producers of articles that 
serve more than one purpose. 

The contest was organized to provide 
a showcase for products that are new 
and different. Several years ago the 
General Air Conditioning Corporation 
of California won a prize with a com- 
bination refrigerator, stove and_ sink. 
Among the categories in which manu- 
facturers and designers of products may 
compete are electric housewares, lamps, 
large appliances, radios and TV sets. 

This year a new category, New Pro- 
ducts, has been added to the 59 classes 
that were included in the 1955 contest. 

Entry blanks are available from Hess 
Brothers Versatility and Design and Use 
Committee, Room 323, 152 West 42nd 
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CHASE 


FRIEND! 





Since 1876, the name Chase has been 
the symbol of top quality in brass 
and copper. It also stands for un- 
matched service! Twenty-five Chase 
warehouses and three Chase mills 
form the most responsive and effi- 
cient source of brass and copper sup- 
ply in the nation! 


NEW SERVICE! 





Now the Chase network assures you 
a dependable source of stainless 
steel, too! You specify the type, form 
and quantity. The Chase warehouse 
near you has it in stock—or will get 
it to you on the double, direct from 
another Chase warehouse or the 
mills. Call Chase today! Get those 
service experts working for you on 
your stainless steel requirements! 


STAINLESS STEEL! 


Chasea 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
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The Nation’s Headquarters for Brass & Copper 


Albanyt 
Atlanta 
Baltimore 
Boston 
Charlottet 


Chicago 
Cincinnati 
Cleveland 
Dallas 
Denver 


Detroit Los Angeles New York St. Louis 
Grand Rapidst Milwaukee Philadelphia San Francisco 
Houston Minneapolis Pittsburgh Seattle 
Indianapolis Newark Providence Waterbury 


Kansas City, Mo. New Orleans Rochestert ( tsales office only) 
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Low in Cost — Small in Size — Dependable 
in Performance — AC or DC 









For industrial 
smoke detectors 





= : ] * BS 
"—— For radio 
transmitter panels 
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| For auxiliary 
gas engine 
d generators 
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For television 
screen enlargers 


SOSH HSESESESEESESEESESHHES OHHH SESE SEDS 


f For automatic 


street lighting control furnaces 


POSSESSES HTEHEHESEEHEHEEEEESESESESEEEEEE 


N ADDITION R-B-M General 

Purpose Relays are used on 
X-Ray apparatus, permanent 
wave ans ei wire record- 
ers, automotive radio tele- 
phone communication equip- 
ment, vending machines, coin 
operated phonographs and 


jet aircraft many other applications. 


preheaters 





Let R-B-M engineers and production facilities serve you. 
Phone 5121 or write Dept. A-8. 
Refrigeration, In- 


R-B-M DIVISIO 
dustrial, Appliance, 


ESSEX WIRE CORPORATION Communication and 


Logansport, Indiona Automotive Industries 


Controls for Electronic, 
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St., New York 36, N.Y., Deadline is 
Aug. 20. 

A photograph or other clear illustra- 
tion must accompany each entry blank, 
since the initial judging in each cate- 
gory will be done from these blanks, 
The grand awards will be judged from 
actual products, which will be displayed 
and demonstrated, Nov. 14, at the Wal- 
dorf Astoria in New York. Judging will 
be conducted solely on the basis of 
the multiplicity of use of the product 
by a panel of nationally known design- 
ers, engineers and other specialists. 


RETMA Elects Officers 


At the 3lst Convention of the Radio- 
Electronics-Television Manufacturers 
Association, held in Chicago, H. Leslie 
Hoffman, president, Hoffman Electron- 
ics Corp., was elected president. Mr. 
Hoffman will take over the duties per- 
formed last year by Max F. Balcom, 
director-consultant of Sylvania Electric 
Products Inc., as chairman of the board, 
and Glen McDaniel, as president. 

As director of its engineering depart- 
ment, the Association has Dr. W. R. G. 
Baker, vice president and general man- 
ager of the Electronics Div., General 
Electric Co. Elected as director of the 
Government Relations Department, was 
Joseph H. Gillies. James D. Secrest will 
serve as executive vice president and 
secretary. 

Other accomplishments of the ses- 
sions included: the authorization of a 
Military Products Division to serve 
RETMA member-companies manufac- 
turing equipments designed for the Mili- 
tary. During the past two years these 
activities were carried on by the Mili- 
tary Products Section of the Technical 
Products Division. 

A highlight of the meeting was the 
bestowal of the Association’s Medal of 
Honor on Leslie F. Muter, The Muter 
Co., who was also voted into office as 
treasurer and chairman of the RETMA 
Committee. 


A. F. Davis Receives Award 

A. F. Davis, vice president and secretary 
of The Lincoln Electric Co., Cleveland, 
Ohio, was among the first recipients of 
a new award established by Ohio State 
University to pay tribute to its outstand- 
ing engineering alumni. The first “Dis- 
tinguished Alumnus” awards were made 
by the University at the Second An- 
nual Engineering Conference for Engi- 
neers and Architects held in Columbus 
on May 6. 

Mr. Davis, selected by vote of the 
college faculty to receive the award, 
was cited for his “outstanding attain- 
ments as an industrial executive, civic 
leader and a graduate engineer who 
fulfills his responsibility to education 
to the highest degree.” 
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POWER PACKED 





¥ 


IN NEW NEMA 
FRAME SIZES 





®@ MORE POWER ee BETTER PROTECTION ae ye i 


€ SMALLER SIZE s LIGHTER WEIGHT Rae's Blue Book, Conover- 


Mast Purchasing Direc- 
tory, or write 





Of course, the former NEMA frame sizes 66 to 505 (1/3 to 150 H.P.), incorporating 


the latest advances in motor design, will remain in production. 


THE LIMA ELECTRIC MOTOR COMPANY 4789 Findlay Road 


Representation throughout the U.S., Canada and abroad 


UU, ‘ : 
3S Yr, Lima, Chio 


FIRST. ..FOR MOTORS... DRIVES... GRINDERS 
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Get smoother... 


tighter windings 
with new 


ELECTRO BI-GLAS 


Withstands high ambients which exclude 
use of bias varnished cambric 


















This Class B insulation retains its superior 
electrical qualities even after elongation. 
Stretch it... bend it... shape it around 
irregular contours—the dielectric strength 
of new Electro Bi-Glas is unaffected. Lap 
it without coning or forming air pockets. 
Excellent resistance to oils, acids, mois- 
ture, fungus and ozone. Thermal stability 
enables it to withstand higher ambient 
temperatures. Convenient tape form for 
fast wrapping of coils, spiral wrappings, 
cable splices and terminal connections. 


SPECIAL INSULATION FOR ELECTRONIC APPLICATIONS 


SIL-THIN and SIL-THIN-BESTOS—Extra thin high 
temperature insulation. 


STICK-GLASS*—Class B cloth or tape with adhe- 
sive backing. 


ELECTRONIC BOARD—Heat-activated, resin-coated 
Kraft Paper. 


SIL-GLAS—Class H sheets or tape. 


ELASTOMERIC FIBERGLAS—Highly water repellent. 
Impregnated and coated with silicone rubber. 


ACTO-GLAS—Woven Fiberglas cloth preimpreg- 
nated with polyester or silicone resin. 


RESEARCH LABORATORY SERVICE 

If you have a special insulation problem, 

we'll gladly help work it out in our mod- 

ern, fully-equipped research laboratories. 
SAMPLES AVAILABLE 

For complete data and samples, address 

Dept. E11-82. 


*® Owens Corning Fiberglas Corp. 


Electro-Technical Products 


Nutley 10, New Jersey 






A Division of Su Chemical Corporation 








DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN + HUDSON + WILLEY (paints, maintenance and construction materials, industrial coatings) ° 

WARWICK (textile and industrial chemicals) * WARWICK WAX (refiners of specialty waxes) » RUTHER- 

FORD (lithographic equipment) * SUN SUPPLY (lithographic supplies) » GENERAL PRINTING INK (Sigmund 

Uliman + Fuchs & Lang * Eagle * American + Kelly » Chemical Color & Supply Inks) * MORRILL (news inks) 

* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) »* PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 


Serving 
INDUSTRY 
since 1887 


WASH ae and 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 
SS 


CT WL aoe 


THE WORLD’S LARGEST PRODUCER OF WASHERS 


2 
rp 


2200 SOUTH BAY STREET e MILWAUKEE 7, WISCONSIN 
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| ASME Celebrates Diamond Jubilee 


Designed to implement the Society's 
75th Anniversary theme of, “The Engi- 
neer in Our World,” the American So- 
ciety of Engineers has released an 80- 
page brochure entitled, “Diamond 
Jubilee Book of Facts.” Contained is a 
short history of the Society ; the role 
of mechanical engineers in industry; a 
copy of the organization’s first catalog, 
printed in the founding year of 1880; 
and biographical summaries of persons 
prominent in ASME history. 


| Area Executives Head Up 


Cleveland Engineering Society 

Elected as president at a special meet- 
ing of the Cleveland Engineering So- 
ciety, Warren H. Chase, vice president 
of the Ohio Bell Telephone Co., will 
take office from Ralph R. West, presi- 
dent of the West Steel Casting Co., 
Cleveland. The new CES president has 


| been an active participant in the so- 


ciety’s activities for 26 years and during 


| that time has served on many commit- 


tees and presently is on the board of 
governors, Ist vice president and chair- 
man of the CES-Cleveland Technical 
Societies Council Service Coordinating 
Committee. 

Other area executives elected to head 
up the 75-year-old engineering organiza- 
tion for the 1955-56 season are: Ist vice 
president, Willard C. Brown, manager 
of application engineering, Nela Park, 
General Electric Co.; 2nd vice presi- 
dent, Joseph K. Gannett, vice president 


and director of engineering and _ re- 


| search, Austin Co.; and treasurer, Rob- 





ert C. Trundle. president, Trundle En- 
gineering Co. 


| AIEE Elects Fellows 


| For outstanding contributions to their 
| profession. the American Institute of 


Electrical Engineers has invited 10 of 
its members to become Fellows of the 
Institute. Included among the Fellows- 
elect are: Roy L. Brown, manager, In- 
strument and Regulator Division, West- 
inghouse Electric Corp., Sharon, Pa.; 
Walter C. 
ment of Electrical Engineering, Prince- 
ton University. Princeton, N. J.; and 
William F. Uhl, president, Charles T. 
Main, Inc., Boston. 


Johnson, chairman, Depart- 


Mica Fabricators Elect Officers 


S. A. Montague, Spruce Pine (N.C.) 
Mica Co., was re-elected president of 
the Mica Fabricators Association at its 
Eleventh Annual Meeting, held in June. 
Other officers elected for a one-year 
term include Peter J. Yannello, Reliance 
Mica Co., !nc., Brooklyn, N.Y., and 
John V. Faraci, American Mica Insula- 
tion Co., Manasquan, N.J., who were 


| elected vice presidents. 
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TYPICAL LABORATORY BENCH SETUP shows how simple it is to 
hook up the input and load connections of the Solavolt for 
testing a fluorescent ballast at several different input voltages. 
It has attached input cord and plug, line on-off switch, and 


three sinusoidal ac voltage outputs, all 
+19: 





regulated within 
(1) a standard receptacle for fixed 115 volts (2) a 


standard receptacle for a variable output of 0-130 volts and 


(3) a pair of jacks for variable output of 0-130 volts. 


+1% Regulated AC Voltage Supply 
Adjustable from O to 130 Volts 


When an adjustable source of regulated ac voltage 
is required for the accurate performance of a variety 
of electrical or electronic equipment, a Solavolt is often 
the simple, practical solution. It provides the close 
regulating action of a Sola Constant Voltage Trans- 
former (a static-magnetic stabilizer) with less than 
3% harmonic distortion of the output voltage wave. 


Two of the Solavolt’s three outputs are adjustable 
from 0 to 130 volts. The third provides a fixed 115 
volts. All three outputs are regulated +1% regardless 
of input changes from 95 to 125 volts, and may be 
used simultaneously within total maximum va rating. 


SOLA 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment @ LIGHTING TRANSFORMERS for All Types of Fivorescent 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 
@ PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 ¢@ 


and Mercury Vapor Lamps. ® 
125th St., TRafalgar 6-6464 


Conslant Voltage 


TRANSFORMERS 


Regulation is completely automatic and continuous 
with response time of 1.5 cycles or less. Except for 
the rotor of the autotransformer, there are no moving 
parts, and no manual adjustments are required. There 
are no tubes or other expendable parts. 


The Solavolt is an ideal package unit, with carrying 
handle, where portability and compactness is a factor. 
It is particularly useful for general laboratory work, 
instrument calibration, testing, general shop use, or 
other similar applications. Solavolts are available 
from your electronic distributor in either 250va or 
500va capacities. 


Write for Bulletin 6H- CVL193 for 
full electrical and mechanical 
specifications of the Solavolt. 


Visit Sola’s Booth No. 
at the Wescon Show. 


315-316 





BOSTON: 272 Centre Street, Newfon 58; Mass., 


Bigelow 4-3354 @ CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 


3138 E. Olympic Blvd., ANgelus 9-9431 
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@ TORONTO 9, ONTARIO: 617 Runnymede Rd., Lyndhurst 1654 © Representatives in Other Principal Cities 
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Wat 3 14D AE MW 
XSI 139 3 esd: y | 
CLUTCH ACTION — // 
PREVENTS SLIPPAGE // 


OR OVERRUN. v 


CSN AME tale (ols iLL lo hei) 
gear combined with fine gear teeth 
provides the instant response 
necessary for a timing accuracy of 
ae Soil Mel Talal 
timer, and + .005 minutes on the 
60-minute unit. 


On the dial face, a large sweep 
hand makes possible fast, exact 
a eek fll Pde ume Me) he eee a 
while an accumulator pointer re- 
cords larger time units on a sepa- 
rate scale in the center of the dial. 


SPECIALISTS 


BOX 8, 


IN 


CENTERBROOK, 


Type 690... 


This compact unit is available 
for AC or DC operation in 
commercial and military ap- 
plications. It is used in labora- 
tory experimentation, for test- 
ing communications equipment 
and systems, and in the field 
of nuclear research, as well as 
for timing critical industrial 


processes. 


For complete information on 
the Type 690, write for bul- 
letin PB-610. 


TLAE CONTROL 


The R. W. CRAMER 





CONNECTICUT 


| 


Butte, Montana, To 


Play Host to AIEE 
M. D. Hooven will preside for the fret | 
time in his new capacity as presiden 
of the American Institute of Electrical 
Engineers at the organization’s Pacific 
General Meeting, to be held Aug. 15-18 
at the Finlen Hotel, Butte, Mont. 

\ technical program dealing with 
electrical engineering advances and 
fields of particular interest to this see. 


tion has been planned. 


WCEMA Schedules Annual 

Meeting for August 

The annual corporate meeting of the 
West Coast Electronic Manufacturers 
Association will be held Aug. 25, during 
the Western Electronic Show and Coa, 
vention in San Francisco. 

The meeting. which will be held in the 
Fairmont Hotel. will be attended by 
both the San Francisco and Los Angeles 
councils of WCEMA. with H. Myrl 
Stearns, WCEMA president, presiding, 


Investment Casting Institute to Affiliate 
With The National Castings Council 


An invitation to afhliate with the Na- 
tional Castings Council has been accept- 
ed by the Investment Casting Institute, 
Chicago. The Council is a medium for 
cooperative action among the various as- 
sociations. societies and institutes serv- 
ing the foundry industry on matters of 
mutual intérest beyond the scope ot the 
individual societies. 

The Investment Casting Institute has 
also announced the scheduling of its 
Annual Fall Meeting in Detroit. Nov. 
1-3. Tentative arrangements have been 
made with the Sheraton-Cadillac Hotel 
for the technical-business 
meeting. 


three-day 


Government and Industry to Discuss 
Coordination of Standards 
Government and industry leaders will 
join forces in a public discussion of 
their respective roles in standardization 
at the Sixth National Conference on 
Standards, Oct. 24-26, Washington, D.C. 
Subjects will include the coordination 
and industry 
requirements for manufactured prod- 
ucts. 


of Defense Department 


Co-sponsored by the National Bu- 
reau of Standards and the American 
Standards Association. the three-day 


conference will be held at the Sheraton- 
Park Hotel. Further details may be ob- 
tained the American Standards 
Association, 70 E. 45 St., New York. 


from 


| 

RETMA Appoints Charpenter 

| Antenna Committee Chairman 
Appointed chairman of RETMA’s Engi- 

| neer Antenna Committee, Committee No. 

| 31C, Douglas H. Carpenter, chief an- 
tenna engineer, JFD Manufacturing Co., 
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PERMACEL 2 IN 1 ELECTRICAL TAPES are specified by Hoover PERMACEL 2 IN 1 ELECTRICAL TAPES provide a quick and 


Na- for a variety of uses in the production of its new line of motors. permanent method of splicing external winding leads to the coils. 
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PERMACEL 2 IN 1 ELECTRICAL TAPES are used for binding PERMACEL 2 IN 1 ELECTRICAL TAPES are self. witb and 


Bu- | end turns where space is limited and end shields must fit closely. heat curing. There is a tape for every need of the motor industry. 


rican 
e-day 
‘aton- 
ic ob- 
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; ins Ti PES 


= | Many jobs con be done faster, better, easier, with self-sticking tape...write Permacel Tape Corporation, New Brunswick, N. J: 





URING | AUGUST 1955 261 











262 


YOU'RE A LOT CLOSER TO SOLVING 
UE eh a 
Fe! ee UU aa 





Plant management and electrical engineers are constantly on 
the alert for “a better way” to reduce heat processing costs. 
Here’s a real helper! This new MOCO “Fact Book” offers 
dozens of helpful basic ideas on ways to increase your oven 
efficiency. And—even more important—what to look for 
when you are planning to install or enlarge heat processing 
equipment. 


HERE ARE e How industrial ovens are classified 
SOME e Work handling methods and your 
TYPICAL product 
SUBJECTS e Considerations in choosing an oven 
DISCUSSED: e The importance of control panels 


You won't want to be without this technical 
—handbook of basic oven concepts. 





yet easily read 


It is free for the asking from the Michigan Oven Company— 
manufacturers of ovens, and only ovens, for every electrical 
application. Write on your letterhead, please. 





MICHIGAN (())\V[k, NY company 


415 Brainard, Detroit 1, Michigan 


j 





Inc., will be concerned with establishing 
engineering standards for antenna map. 
ufacturers. With the cooperation of Ty 
set manufacturers, Mr. Carpenter yi] 
investigate the adaptability of TV ap. 
tennas now in use for color reception, 
He will also study methods for the jm. 
provement of measurement techniques, 

Mr. Carpenter, who is also chairmay 
of the Executive Committee of the 
RETMA Antenna Section has appointed 
Walter L. Schott, Walsco Electronics, 
as West Coast Chairman of the Antenna 
Section. 


Booklet Describes Advisory 
Group on Electron Tubes 


The purpose and method of operation of 
the Advisory Group on Electron Tubes 
are outlined in a 24-page booklet avail. 
able on request from the New York Uni- 
versity secretariat, Advisory Group on 
Electron Tubes, 346 Broadway, New 
York 13, N.Y. 

Complete with an organization chart 
of the Advisory Group on Electron 
Tubes, showing its relation to the Joint 
Co-ordinating Committee on Electronics 
and the Technical Advisory Panel on 





ee 


Electronics, the booklet also discusses 


the history of the Advisory Group and 
contains a membership list. 

Pointed out also are its fields of inter- 
est: “the research and development of 
electron tubes and other devices having 
properties’ similar to electron tubes, in- 
cluding microwave tubes, power tubes, 
receiving tubes, special tubes and semi- 
conductor devices, and also including 
tube developments as part of complete 
end-item equipment contracts.” 


Two-Day Session Planned on 
Industrial Electronics 


More than 300 engineers are expected 
to gather in Detroit for the 1955 Indus. 
trial Electronics Conference, to be held 
in the Engineering Society of Detroit 
Auditorium, Sept. 28-29. 


Co-sponsored by the American Insti- | 


tute of Electrical Engineers and _ the 
Professional Group on Industrial Elee- 
tronics of the Institute of Radio Engi- 
neers, the conference will discuss new 
control-system applications, automation, 
and related topics. Sixteen papers are 


tentatively scheduled for the four tech- 


nical sessions. 

Co-chairmen of the affair are S. Sterl- 
ing, S. Sterling Co. and H. S. Mika, 
Ford Motor Co. Official convention head- 
quarters will be the Park Sheraton Ho- 
tel. 

Guido N. Ferrara, 8106 W. 9 Mile 
Rd., Oak Park 37, Mich., is chairman 
of the registration committee. Registra 
tion fee is $3.00; all registrants will 
receive copies of the Transactions ol 
the Conference. 
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YOUR ONLY SOUKCE 
of a Complete Line of MAGNETIC MATERIALS 


TECHNICAL DATA ON 
ARNOLD PRODUCTS... Write 
for your copy. 


Bulletin GC-106 A .. . General information on 
all Arnold magnetic materials: permanent mag- 


nets, tape-wound and powder cores, etc. 


. Properties of Deltamax, 
28 pages 


Bulletin TC-IOIA . . r 
1-79 Mo-Permalloy and Supermalloy 
of technical data on Arnold Tape- Wound Cores. 


Bulletin PC-104 A. . . ‘Molybdenum Permalloy 
Powder Cores’ —16 pages, complete technical 


data. 


Bulletin SC-107 . . . “Arnold Silectron Cores” 
52 pages of valuable data, covering a complete 
range of core shapes, sizes, tape gauges, etc. 


ADDRESS DEPT. EM-58 


AUGUST 1955 
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Arnold products include all grades of Alnico permanent magnets (cast and 
sintered) . . . tape-wound cores of high-permeability alloys, such as Deltamax, 
Permalloy and Supermalloy . . . types ‘‘C’’ and ‘‘E”’ cut cores of Silectron in 
any size or weight range from a fraction of an ounce to hundreds of pounds 
(50 Ibs. max. on 12-mil C cores); also round, square and rectangular Silectron 
cores . . . powdered Mo-Permalloy cores . . . Cunife, Vicalloy, Permendur and 
other magnetic materials. Special magnetic components can be produced to 
meet your specific requirements; and such products as powder cores, tape- 
wound cores, and C and E cores are carried in stock in a wide range of standard 
sizes for immediate delivery. Many sizes of cast and sintered Alnico magnets 
also are stocked. 

In other words, Arnold magnetic materials can answer any requirement 
you may have. It is the on/y complete line in the industry; and in addition, 
Arnold maintains complete control over every production step from raw 
materials to finished products. Such a source can bring you advantages in 
long experience and undivided responsibility, and in unequalled facilities for 
quality production and control. @ Let us supply your needs. 


W&D 5546 













SUBSIDIARY OF ALLEGHENY LUDLUM ST 
AN General Office & Plant: Maren 
ae DISTRICT SALES OFFICES .. .New York: 
be >" Los Angeles: 3450 Wilshire Blvd. Be 
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EAGLE 


Microflex reset counter 





makes shutdown and feed-down automatic 


Convert machine tool and industrial processes from manual 
to automatic operation — with this Microflex Reset Counter. 
For example, use it to feed a grinding wheel down after a 
preset number of operations. Or employ it to shut down a 
machine at the desired number of operations. This reset 
counter is ideal for controlling chemical feeding processes by 
shutting down a pump after the desired number of operations. 


The Microflex Reset Counter is actuated by a series of elec- 
trical impulses. Models are available with 400 and 1000 
count dials. Dial settings easy to make — counting range 
from 1 to 400 in steps of 1 with 100% accuracy. On 1000 
count range, dial settings are in steps of 1 with accuracy of 


= 1 count. Spring reset in less than 1 second. 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. EM-855 
MOLINE, ILLINOIS 


data on Microflex Reset Counter. 


NAME AND TITLE 
COMPANY 
ADDRESS 


city ZONE STATE 


Please send free Bulletin 720 containing full 





Book 
Reviews 





Designing for People, by Henry Dreyfuss, 
Simon and Schuster, Inc., New York 
20, 240 pp. $5.00. 


As a personal success story, this book 
makes fascinating reading. A subtitle 
might have read, “My first 25 years as 
an industrial designer,” for Mr. Drey. 
fuss begins by telling how he got his 
first product design assignment after 
being a successful stage set designer. 
(It was for a shaving brush handle), 
He describes in detail how he obtained 
the assignment for doing the interiors 
of the U.S.S. Independence and _ the 
Constitution, his struggles with the ship- 
builders, and what it felt like to walk 
their decks before the “opening.” He 
even describes his disappointments— 
two frustating years on a retainer from 
an auto manufacturer. And what's 
more, he occasionally praises the work 
of a fellow designer. He even talks 
about money. A very personal book. 

The author’s design philosophy is 
brought out by a series of case histories. 
at least a hundred of them, buttressed 
by a few simple rules. A well designed 
product must meet five Dreyfuss tests: 
Utility 
sales appeal and appearance. Utility is 
where machine meets people. Is_ the 
product easy to handle? Is the grip 
comfortable? Are the controls easy to 
identify ? ; 

Mr. Dreyfuss uses the term “human 
engineer” early in the book and dis- 
plays the anatomical proportions of Joe 
and Josephine and their offspring. The 
task has been to fill the gaps between 
human behavior, as well as anatomy, 


and safety, maintenance, cost, 


and machine design. Cited examples of 
application of these principles go back 
to World War II days. 

The book appears to be aimed prin- 
cipally at management, for most of the 
text describes how a designer works 
and his relationship with clients and 
their engineers. The author tries to 
show what makes an industrial designer 
tick. Formal education is one thing 
engineers, artists, architects make up 
the staff—but good taste is hard to 
define in explicit terms. One method 
stands out: When a designer is faced 
with a new and unusual situation (all 
assignments are that), first-hand field 
experience is the only way to get the 
facts, even if one has to don overalls 
or get behind a sales counter to get 
consumer reaction. That technique plus 
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TORKRITE TUBING 


in foreground, enlarged to show 
detail. 


DO YOU HAVE 
TORQUE PROBLEMS? 


More and more electronic engineers 
are specifying this newly designed, 
internally threaded, embossed 


tubing. 


Torkrite permits use of lower torque 
as it is completely free of stripping 


pressure. 


With Torkrite, 


increase after winding. The heavier 


torque does not 


wall acts to prevent collapse and 


core bind. 







Investigate this outstanding 


coil form! 


“ * 
Write for your copy of 


the latest 


Clevelite brochure. 


x * * 
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THE 


CLEVELAND CONTAINER 










CLEVELIFE 


Laminated Paper Base Phenolic Tubing 


is dependable because of its better quality . . . 
proven performance . . . high insulation . . . 
uniformity inherent ability to hold 
close tolerances. 


Also, prompt service and dependable deliveries! 


These many advantages assure you of greater economy. 


WHY PAY MORE! For Good Quality... call CLEVELAND! 


*Reg. U. S. Pat. Off. 





MPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, N.Y. + JAMESBURG, WJ. + LOS ANGELES 


ABRASIVE DIVISION at CLEVELAND, OHIO 
Cleveland Container Canada, Lid., Prescott and Terente, Ont. 


Representatives: 

NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, WN. J. | 

WEW ENGLAND: RR. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 

CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO 
IRV. 
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new... 
precision Connectora 


Contacts ... 
spring 
loaded 

for 

quick release 


Here's the connector you can specify for pressurized equip- 


Quick 
Release 


PRESSURIZED 
CONNECTORS 


for guided missile 
and similar 
applications 


ment without fear of dangerous air leakage. The Series “GA” 
plug is molded from Orlon filled Diallyl Phthalate. When sub- 
jected to a pressure differential of 30 PSI at 25° C, leakage 
is less than 1 cubic inch of air per hour. This series is avail- 
able with hood and cable clamp. Gold plated, nickel silver 
contacts take #16 AWG wire, and each is spring loaded for 
easy release. A spring action center screwlock permits quick, 
easy release or engagement without damage to the unit. 


Write for complete technical data without obligation. 


Note: Complete Continental Connector Catalog, covering sub- 
miniature, printed circuit, hermetic seal, pressurized, high volt- 
age and power connectors, is available on request. Send us 
your name and title on your company letterhead. 


IT 


Electronic Sales Division 


DeJUR-Amsco Corporation, 


-O1 Northern Boulevard, Long Island City 1, N. Y 


an active imagination, a broad back- 





ground in design and lots of travel 
seems to have made Henry Dreyfuss the 
successful designer he is. For specific 
design information, one must read _ be- 
tween the lines. 


Dictionary of Television, Radar and 
Antennas. In Six Languages. Com- 
piled and arranged by W. E. Clason. 
Elsevier Press, Houston 25, Texas. 


760 pp. $21.50. 
This multilingual technical  diction- 


ary, as well as others by the same pub- 
lisher, was prepared because of the 
continually expanding international 
aspects of scientific subjects. It contains 
nearly 2500 technical words used in the 
subject fields. The basic word list is 


English with American and British 
usages clearly distinguished. Defini- 


tions are given in English with the 
equivalent words in French, Spanish. 
Italian. Dutch and German also listed 
in each case. Alphabetical word lists 
in each of these five languages are 
numerically keyed to the English list 
to facilitate translations. 


Proceedings of the National Electronics 
Conference —1954 Volume 10, Na- 
tional Electronics Conference, 84 E. 
Randolph  St., 
914 by 614 in., 


Chicago. 872 pp. 
case bound. $5.00. 


This book contains all of the technical 
papers and addresses presented at the 
1954 Conference and a cumulative index 
by subject and author of all of the 
technical papers presented during the 
10-yr life of the National Electronics 
Conference. The eighty-six technical 
papers cover electronic research, de- 
velopment, and application of antennas. 
circuits, 
electron 


communication, computers. 
tubes, engineering manage- 
ment, instrumentation, magnetic ampli- 
fiers, materials and components, micro- 
waves, radar, servomechanisms, solid 
state devices and television. 


Heating Ventilating Air Conditioning 
Guide 1955. American Society of 
Heating and Air-Conditioning Engi- 
neers, Inc., 62 Worth St., New York 
13, N. Y. 1680 pp, 6 x 9 in. $12.00. 


The revisions and expansions in this 
33rd edition are the result of research 
by the Society and others, changes in 
codes and standards, new methods in 
product design, and improved engineer- 
ing practices. Despite the improvements, 
the appearance and arrangement of the 
chapters is the same, and the 53 chap- 
ters are grouped as: I—Fundamentals, 
II—Human Reactions, II1I—Heating and 
Cooling Loads, [V—Combustion and 
Consumption of Fuels, V—Systems and 
Equipment, VI—Special Systems, and 
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#T. M. Reg. Owens-Corning Fibergias Corporation 698 Madison Avenue New York, N.Y. 





OWENS-CORNING 


wiring. Se wae 





readers ¥ 2 


companies 


Z 





rate their wiring... and reminds them 





to keep Adequate Wiring 








when they buy new homes. [== 
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Sy TTC SOME TT MlT3) 
current transformer. . 
ask for bulletin #1115. 


LINDBERG. 


SPECIAL 
TRANSFORMERS 


.. AND MANY OTHER SPECIALS 
FOR MANY DIFFERENT USES. 


nl... 


, 


Troll ae- Bll ail-lt tam lee] ee Lindberg General Purpose 
formers for industrial’ and Transformers for power and 
communications work . . ask lighting . . ask for bulletin 
for spec sheet E-201-2. #1111. 


LINDBERG VMSA aes 


Transformer Division, Lindberg Engineer ng Company 
2450 West Hubbard Street, Chicago 12 


no 
O's 


Vii—Instruments and Codes. Also re. 
tained are the edge indexes in both the 
technical and catalog data sections, the 
classified subject and product indexes, 
and the 24 x 32 in. ASHAE Psychro. 
metric Chart. 

Changes include several rewritten 
chapters, a new chapter on_ school. 
house heating and ventilating, new in- 
formation on high temperature hot 
water heating systems and reorganized 
design information on thermal conduc- 
tivities and conductances for pipe insu- 
lation and building materials. 


Standards 


Controls and Signalling Devices for 
Graphic Arts Presses 


American Standard Safety Code For 
Controls and Signalling Devices for 
Graphic Arts Presses, publication B65.1- 
1954, covers the design, arrangement, 
designation, color coding and _ safety 
interlocking features of controls and 
signalling devices for all types of print- 
ing presses, to safeguard personnel 
operating these presses. 

Presses are classified in two groups: 
publication and commercial. Definitions 
are provided for push-button control 
and stand-by control stations. An ap- 
pendix is provided in which new terms 
used in the Standards are explained, 
including stand-by control stations, and 
for nomenclature used to describe the 
function of pushbuttons in control sta- 
tions. 

Copies of the Standard may be ob- 
tained from the American Standards 
Association Inc., 70 East 45th St., New 
York 17, for $.50 a copy. 

Commutators 

The first Standards Publication issued 
by NEMA on the subject of mica-insu- 
lated commutators, publication No. CT 
1-1955 covers conventional steel and 
mica commutators with a diameter of 
3 in. and less at the brush track, and 
intended for use with electric motors 
and generators having Class A or B 
insulation. 

Defined are the component parts of a 
commutator, the tolerances of these com- 
ponents, and the test limits of the fin- 
ished commutator. 

Copies of the publication may be 
obtained from the National Electrical 
Manufacturers Association, 155 East 
44th St. New York 17, N.Y. Price is 
$1.50 per copy. 


ELECTRIC "\L_ MANUFACTURING 








the 
Xes, 
hro- 


tten 
ool. 
in- 
hot 
ized 
duc- 
nsu- 


For 


for 


ent, 
fety 
and 
int- 
nel 


ps: 
ons 
trol 
ap- 
rms 
ed, 
and 
the 
sta- 


ob- 
rds 
lew 


ned 
isu- 
eT 
ind 

of 
ind 
ors 


B 


fa 
»m- 


fin- 
be 


cal 
‘ast 


ING 





Yours for the asking 


Design assistance 
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There’s no sense in even trying to be an expert in 
all phases of manufacturing today. And there’s no 
need to. For your specialized motor problems, you 
can turn to Leland’s competent sales and design 
engineers — experts you can “add to your staff” 
for the asking. 

With years of practical experience in serving 
manufacturers, and a finger-tip knowledge of Leland 
designs and applications, our representatives can 
often give you an immediate recommendation. They 
may confer with our capable staff of skilled design 
engineers. Often, the design engineer will wish to 
discuss the problem directly with you, to obtain all 
the pertinent data needed for a thoroughly prac- 
ticable solution. 

For more than 30 years, Leland has been a leader 
in the design and manufacture of unusual motor 
items. And though it has been a constant challenge, 
sometimes a seemingly impossible one, the reward 
has been the regularity with which Leland has come 
up with the answer. 

Today, the complete line of Leland motors, stand- 
ard or special, reflects the wealth of design know- 
how acquired through developing units for so many 
widely diversified applications. 

Try Leland on your motor requirements, from % 
to 5 hp. Profit from Leland’s experience and the 
in-built quality of its standard motors. Or consult 
our representatives in principal cities about your 
special motor problems. Add a real specialist to 
your staff. 


you couldn’t 
buy! 
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THE LELAND ELEctrRIC COMPANY 


Division of American Machine & Foundry Company 
Dayton 1, Ohio 


Visit Leland at Booth 349, 
Production Engineering Show, 
Navy Pier, Chicago, September 6-16 








Kellogg provides 
custom assembled relays 
for industry 
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4 General Purpose Telephone Type 
At Stock Prices 
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SPECIFICATIONS 4 Life Expectancy— 
COIL-—Single or double wound. Over 100 Million Operations 
ARMATURE—Frictioniess armature travel. a : : 
Both knife edge and hinged ¢ 1710 Contact Spring Combinations 
pivots. 
OPERATING VOLTAGE-Up 10 115 4 100 Stock Coils Available 
volts, D.C. 
OPERATING TIME—From 2 to 30 ¢ Precious Metal Contacts— 
mniltineconds. Palladium or Gold Alloy 
RELEASE TIME—From 5 to 50 
milliseconds. ¢ Delivery 20 to 45 Days 





RESIDUAL—Fixed (clip) or adjustable 
(lock screw). a 5 
CONTACTS—Twin bar-dome type Variations of Relays available 
palladium contacts. 
























































° ; 
CONTACT ASSEMBLY—Forms A to D. ot Kell 9g 

Maximum of 16 A‘s, 14 B’s, TIME DELAY RELAYS 

10 C’s, 10 D’s or any equivalent 

combination of these contacts. TWIN RELAY—2 relays in space of one 
MOUNTING—Two No. 8-32 tapped 

holes in heelpiece allow SNAP ACTION RELAY 





versatile mounting. 





MULTI-CONTACT RELAY 
PLUG-IN RELAY 


Aewoce_,.... INDUSTRIAL SALES DEPARTMENT 
Z é / 


KELLOGG SWITCHBOARD AND SUPPLY CO. 
























Visit Kellogg's Exhibit — Booth A-119 A Division of itemise Telephone and Telegraph Corporation 
ot the 10th Annual Instrument-Automation Sales Offices: 79 West Monroe Street 
Conference—Shrine Exposition Hall, CHICAGO 3, ILLINOIS 


Los Angeles, California, Sept. 12-16, 1955 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
79 West Monroe Street, Chicago 3, Illinois Dept. 70-H 










[] Please have representative call. 


[] Please send detailed Relay information. 


COMPANY 


ADDRESS 







-) ———— ZONE_ STATE. 


Arc-Welding Electrodes for Welding 
Carbon and Low-Alloy Steels 


Improved and enlarged edition of the 
“Specifications for High Tensile and 
Low-Alloy Steel Covered \re-Welding 
Electrodes” has been issued jointly }y 
the American Welding Society and the 
(American Society for Testing Materials. 

The new edition (AWS A5.5: ASTM 
(316) classifies the electrodes by chem. 
ical analysis in addition to the usual 
classification by mechanical properties, 
This new method of classification will 
permit the selection of low-alloy steel 
electrodes that will not only provide 
weld metal of specific mechanical prop. 
erties. but also give weld metal more 
closely matching the base metal in cor- 
rosion resistance and other properties, 

Copies of this specification in pamph- 
let form are available from the Ameri- 
can Welding Society, 33 West 39 St. 
New York 18, N.Y., at 40 cents each. 





Shipboard Electric Installations 
Prepared by the AIEE Committee on 
Marine Transportation, Recommended 
Practice for Electric Installations on 
Shiboard, ATEE No. 45, March 1955, 
is intended to serve as a guide for the 
equipment of merchant vessels with an 
electric plant system and electrical ap- 
paratus for lighting, signaling, commu- 
nication, power and propulsion. The 
marine recommendations indicate what 
is considered good engineering practice 
with reference to safety of personnel 
and of the ship itself as well as relia- 
bility and durability of equipment. Ves- 
sels classifications covered in the stand- 
ard include only Groups Nos. 1, 2 and 
3: however many of the recommenda- 
tions are applicable to all groups of 
vessels, 

Copies of ATEE Publication No. 45 
may be obtained from the American In- 
stitute of Electrical Engineers, 33 West 
39th St.. New York 18, N. Y. Price 
for the 160-page standard is $1.75 for 
members. and $3.50 for non-members. 
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New Components and Materials 









Additional data from the sup- 





plier of any item reviewed. 


Literature for the Asking 





A copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 








Single copies of selected feature 





articles. 


Advertised Products 


More information on any prod- 





uct or service described 
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| Crucible prescription-made Alnico perma- these quality magnets ever since Alnico alloys 
nent magnets provide consistently higher were first developed. You can get them sand 
energy products. cast, shell molded, or investment cast to meet 
This means greater design freedom .. . every size, tolerance, shape and finish need. 
more compact products for manufacturers of Next time you need top quality magnets, 
high-fidelity sound equipment, instruments, or help with magnet applications, call 
controls, motors, and other magnet equipped Crucible. Crucible Steel Company of Amer- 
devices. ica, Henry W. Oliver Building, Pittsburgh 
Crucible has been a leading producer of 30, Pa. 


first name in special purpose steels 





Crucible Steel Company of America 
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Vibration and Shock Resistant 





TYPE —_** 





Ruggedly 
Constructed 

to withstand 
vibration and shock 


Coils: Can be supplied for all standard 
voltages up to 220 volts, AC. Average 
coil consumption, 2.5 VA. 


Contacts: 6PDT up to 5 amps. at 
average 7.5 VA; 4PDT up to 5 amps. at 


Gives you average 2.5 VA; DPDT up to 10 amps. at 
the advantages of average 7.5 VA; fine silver. Other 
telephone-type contact materials available. 
performance 


in an AC relay Vibration: 10G at 5 to 55 cps. 


Shock: 20G energized; 
15G non-energized. 


Suitable for 
communications 
controls, 

microfilm and 

office machines, 
annunciator systems 
and others 


Size: 1%" x Ye" x 2%" 
on contact combinations. 


depending 


Available hermetically sealed, 
or dust-covered. 


Send For Bulletin ‘‘R"’ 









omar 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 
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in Industry 





At the Leland Electric Company Di- 
vision of American Machine & Foundry 
Co., Dayton, Ohio, Walter T. Buhl has 
been appointed vice president in charge 
of engineering and manufacturing, and 
Rex D. Marsh, vice president in charge 
of sales. 

A consulting engineer for the past 
four years, Mr. Buhl was formerly di- 
rector of research for Whirlpool Corp. 
He is a graduate of the University of 
Michigan, with a Bachelor of Science 
Degree in engineering physics, and has 
served as director of engineering lab- 
oratories and a chief engineer for Jack 
& Heintz, Inc. 

Mr. Marsh, who joined the Leland 
Electric Co. Division in 1953, was for- 
merly president and a director of the 
Canadian subsidiary of Bowser Inc. 


Associated with electrical and instru- 
ment manufacturing for the past 25 
years, Ken R. Gerlach has been appointed 
executive vice president of Bogue Elec- 
tric Manufacturing Co., Paterson, N.J. 
Mr. Gerlach comes to Bogue from the 
Sperry Gyroscope Co., with extensive 
experience in the application of preci- 
sion motor-generator equipment. 


At Fairchild Gamera and Instrument 
Corp., Syosset. New York, Richard Hodg- 
son has been elected a vice president and 
promoted from the position of Trend 
Planning Director to that of general 
manager of the company’s Reconnais- 
sance Systems Division. 


Ralph J. Eschborn has been named 
chief engineer of Jack & Heintz, Inc., 
Cleveland. Prominent in aviation circles, 
the new J & H chief engineer has had 
more than 15 years experience in the 
research, design and production of air- 
craft engines and electric, pneumatic 
and hydraulic aircraft accessories. Mr. 
Eschborn joined Jack & Heintz in 1951 
as a staff engineer. A year later, he was 
named engineering executive manager 
and in 1953 became assistant chief engi- 
neer, the position he held at the time 
of this new appointment. 


Charles C. Shutt, formerly head of the 
Small Motors Division at Lima, Ohio, 
has been elected vice president of the 
Westinghouse Electric Corp. Associated 
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Unlimited sections fastened without hardware 









TRADE-MARK 

These terminal block sections are molded with pins on one side, “pres-SURE” terminal blocks for Buchanan Elec- 
. ical P ‘ts Corp., Hillside, N. J., molded b 

holes on the other. Pressed together mechanically, any number of trical Products Corp., Hillside, N. J a 


Wiggins Plastic Molding Company, Inc., Belle- 


anti = wee » aece . 2 P 7 3 » 
sections can be assembled with a tight, snug fit. ville 9, N. J. 


There are no extra parts to get loose or lost. Even metal contacts and 
screws are inserted at the factory, so they can’t fall out. 

And the interlocking surfaces eliminate flash-over and leakage 
problems common to many conventional terminal blocks. 

BakELITE Brand Phenolic Plastic BMG-5000 is a general-purpose 
material with several important advantages for close-tolerance molding 
of electrical parts like these. Moldings are free from warpage and 
blisters. Surfaces are smooth and clean. The manufacturer gives these 
terminal blocks an electrical rating range from 5 to 70 amperes 
inclusive, and allows a conservative 750 volt rating, due to 


BAKELITE 


Phenolic Plastics 


the long leakage path between sections and because the contacts 
are totally enclosed. 

Manufacturers, designers and users of electrical parts, as well as 
plastics molders, will be interested in BMG-5000. For more 
information, write Dept. KA-52, and ask for a copy of 

BAKELITE MoLp1NG News, Vol. 1, No. 9. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [ag 30 East 42nd Street, New York 17, N. Y. 


In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term Bake tte and the Trefoil Symbol are registered trade-marks of UCC 





































































































MARK-TIME’S 
25 years of 


EXPERIENCE 


at your service! 


Write, wire or telephone 
M. H. Rhodes, Inc., whenever 
you plan a product that can 
be improved by adding a 
reliable timer or time switch. 
A Mark-time engineer will be 
at your office or factory 
promptly — make available 
to you, without obligation, all 
Mark-time’s research and de- 
velopment facilities. 


yy 
AR IME) 
. / 


M. H. RHODES, Inc. 


Hartford 6, Connecticut 





Manufactured and Sold in Canada by 
SPERRY GYROSCOPE OTTAWA, LIMITED 
3 Hamilton St., Ottawa, Ontario, Canada 


IS YOUR 
BEST SOURCE 
for 


SOLDERING LUGS 
SOLDERLESS LUGS 
TERMINALS 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 





® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@® Ample stocks of over 1000 differ- 
ent parts permit prempt delivery. 


@® Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 

















Timers for many 
Household Appliances 


Famous Mark-Time timers 
and time switches fill a wide 
range of applications on lead- 
ing brands of household ap- 
pliances. Illustrated above is a 
built-in timer which provides 
accurate, on-the-spot timing for 
short-term mixing operations, 
and a bell signal to indicate 
“time’s up!’ This is just one 
example of the convenience, 
value and sales appeal Mark- 
Time can add to products for 
home use. 





Request handy ref- 

erence catalog con- 
taining specifications 
on standard and cus- 
tom-made lugs, termi- 
nals, coronarings, 
Pins, contacts and 
similar stampings. 


TOOL and MANUFACTURING CO. 


4021 W. LAKE ST., ° 


CHICAGO 24, ILLINOIS 








1926, Mr. 
Shutt holds an electrical engineering 
degree from lowa State College and 
the University of Pittsburgh. After sery- 


with Westinghouse — since 


ing as a section engineer in the gen- 
erator division, he transferred to the 
small motor division in 1938 as man- 
ager of the engineering department and 
two vears later was named manager of 
the division. 


\llis-Chalmers Manufacturing Co. 
has announced the appointment of Dr. 
Henry Carroll, a nuclear physicist, to the 
staff of its research division. Dr. Carroll 
was formerly associated with various 
management engineering and industrial 
concerns and is the inventor of a modi- 
fied Atwood’s machine for the measure- 
ment of gravity acceleration. 


The late Dr. Robert Millikan, one of 
the nation’s foremost physicists, has 
been paid tribute with the dedication 
of a bronze bust to the California Insti- 
tute of Technology. The bust was com- 


| missioned by the Cornell-Dubilier Elec- 


tric Corp. on the occasion of their 45th 
anniversary and was presented to Dr, 
Lee DuBridge, president of CIT. 


Ralph A. Aasen has been elected vice 


president-engineering, of the Mark 
Simpson Manufacturing Co., Inc., of 


which he formerly was chief engineer. 


At the Worthington Corp., Harrison. 
N. J., Hellmuth: Walter has been named 
director of research and Robert S. Sher- 
wood assistant director of research. 


N. J. MacDonald has been elected 
president of The Thomas & Betts Co., 
Elizabeth, N. J., of which he was for- 
merly general vice president. Mr. Mac- 


Donald’s successor is Robert McK. 
Thomas, Jr., assistant secretary since 
1951. Elected as vice president in 


charge of sales was Edward C. Hewitt, 
former general sales manager. As chair- 
man of the general sales promotion 
committee of NEMA, Mr. MacDonald 
organized the Electrical Interdepend- 
ence Program shortly after World War 
Il. During World War II he headed 
the NEMA Aircraft Electrical Council 
and was also an electrical industry ad- 
viser to the War Production Board. 


Robert G. Kenly has been elected a 


vice president of the New Jersey 
Zine Co.. New York. He has been 
vice president of the New Jersey 
Zine Sales Co. since 1951 and_ will 


continue to supervise the activities of 
that unit. A 
graduate of Stevens Institute of Tech- 


mechanical engineering 


nology. Mr. Kenly has been associated 
with New Jersey Zinc since 1919. In 


1923 he was transferred to the Sales 
Co. and before assuming its vice 
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New Waldes Truare locking-prong ring functions 


as spring, shoulder, fastener... and 


Above assembly shows how 2 Waldes Truarc Locking-Prong Rings 
(Series 5139) replaced 6 parts...eliminated threading operation... 
and need for skilled labor. 


RING DIMENSIONS 
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Additional Sizes Under Development 


The Waldes Truarc Locking-Prong Retaining Ring is a new, 
low cost, radially applied fastener which can be locked positively 
in its groove and used as a shoulder against rotating parts. It is 


primarily intended for use in the automotive, electronic and aero- 
nautical industries. 


This radially applied ring locks positively in its grooves by 
means of two prongs at the open end. Because of its high thrust- 
load capacity the Waldes Truarc Locking-Prong Ring may be used 
as a shoulder against rotating parts. Its bowed construction pro- 
vides for end-play take-up in the assembly and makes less critical 
the tolerances required for the parts being fastened. Since it serves 
as a spring as well as a shoulder, this ring eliminates the need for 
springs, washers, and other accessory fastening devices. 


Whatever you make, there’s a Waldes Truarc Retaining Ring 


So 1) 


FOR FREE SAMPLES 





WALDES ‘ 


= TRUARC 
a 


Np RETAINING RINGS 


% Production dies not available as of date of printing 


6 


STAYS PUT! 


. 





**L=—distance from outer groove wall 
to face of retained part. 


WALDES TRUARC LOCKING-PRONG RING (Series 5139) 


U.S. Pat. Pending 


GROOVE DIMENSIONS 
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+Applies to unplated rings only “Recommended safety factor =3 to 4. 
designed to improve your product...to save you material, machin- 
ing and labor costs. They’re quick and easy to assemble and dis- 
assemble, and they do a better job of holding parts together. Truarc 
rings are precision engineered and precision made, quality con- 
trolled from raw material to finished ring. 


36 functionally different types...as many as 97 different sizes 
within a type...5 metal specifications and 14 different finishes. 


Truarc rings are available from 90 stocking points throughout the 
U. S. A. and Canada. 


More than 30 engineering-minded factory representatives and 
700 field men are available to you on call. Send us your blueprints 
today...let our Truarc engineers help you solve design, assembly 
and production problems...without obligation. 






Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 2 
(] Please send me sample Locking-Prong Rings. 
(please specify shoft size_______t_} 


(] Please send me supplement No. 1 which brings 
Trvarc Catalog RR 9-52 up to date. 





J (Please print) 
| N 
| Company............... = sisi 
| Bopanna Aree ice ciccsesinsinsciicssoriciaccntonsdemesnememenonas 
Io cecrsietenimnecgeag Bie iccccuns 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 
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SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


Smoothing Signal Noise 
with the DBR’ Integrator 


Confronted with the well-known problem of random fluctuations 
called “noise,” Ford engineers have employed the earliest and best- 
known Ford component — the disk integrator. Used in Ford ana- 
logue computers, the disk integrator smoothes random fluctuations 
due to extraneous influences and obtains an average of the received 
signal. Thus, a device originally designed by Ford for integration is 
successfully used as a mechanical counterpart of the RC Filter. 


The Ford circuit operates on the premise that the older the data 
the less important it is. Therefore, data smoothed must be weighted 
in proportion to its age, so that the weight assigned to it decreases 
exponentially with time. The output of the circuit then represents 
the summation of this weighted data and tends to ignore random 
noises of short time duration. 


As shown in the drawing, the incoming signal (with noise super- 
imposed) is the input to the differential. As long as the integrator 
output (the roller) rotates at the same rate as the incoming signal, 
the differential output (error signal) is stationary and the integrator 
carriage remains stationary. But any change in the incoming signal 
produces changes in the error signal which tends to displace the 
integrator carriage and thus restore the system to equilibrium. 






































This reaction, however, is not instantaneous. It occurs after a 
certain time-lag which may be adjusted by the gear ratio. If the 
signal is of brief, random nature, the time-lag of the integrator will 
prevent its acting on the system. On the other hand, a permanent 
‘change in the signal will displace the carriage and change the output 
of the system. 
































This use of the Ford disk integrator as a noise smoother exemplifies 
the flexibility and adaptability of Ford components and ideas. 











*Disk, Balls and Roller Integrator 














FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 








presidency held positions as manager 


| of rolled metal sales, manager of the 


metal division and general sales man- 
ager. 


John W. Ayers has been named presi- 
dent of Phillips Control Corp., Joliet. 
[1l.. a wholly owned subsidiary of Thor 
Corp. 

Mr. Ayers, who has been vice presi- 
dent in charge of engineering for Phil- 
lips for the past 3 years, replaces John 
Mossman, resigned. 


F. J. Geiger has been named general 
manager of Allis-Chalmers Norwood 
(Ohio) Works. Mr. Geiger, manager of 
sales and engineering, electrical section. 
Norwood Works since 1944, succeeds 
P. F. Bauer, recently named general 
manager of the company’s industrial 
equipment division. 

Associated with Allis-Chalmers for 
more than 35 years, Mr. Geiger has also 
been active in the National Electrical 
Manufacturers’ Association, currently 
serving as chairman of its motor and 
generator section. He previously served 
as chairman and vice chairman of the 
integral horsepower subdivision and on 
numerous committees. 


Recent additions to the engineering 
staff at Induction Motors Corp., West- 
bury, Long Island, N.Y., include Alvin 
J. Silverman, named chief engineer and 
Maurice Hayden, appointed project en- 
gineer. 

Mr. Silverman was formerly a proj- 
ect engineer with Electric Indicator Co.. 
Inc.; before that he served Kollsman 
Instrument Corp. in a similar capacity. 
Mr. Hayden was most recently a project 
engineer with Eastern Air Devices, Inc.. 


Dov er, N.H, 


Recently promoted to the vice presi- 
dency at Warner Electric Brake & 
Clutch Co., Beloit, Wis., were Norman 
K. Anderson, formerly general sales man- 
ager, who was named vice president- 
sales, and King DeSeve, formerly man- 
ager of manufacturing, who was made 
vice president-operations. 


Dr. Harold M. Sonnichsen, director o! 
the technical division and a member of 
the board of directors, has been named 
a vice president of the Permacel Tape 
Corp., New Brunswick, N. J. Dr. Son- 
nichsen is a graduate of Texas Western 
College and holds a Ph.D. from Harvard 
University. Prior to joining Permacel 
in 1944, he was employed by the E. I. 
du Pont de Nemours & Co. 





Robert K. Stephens, industrial de- 
signer, has been retained as styling con- 
sultant by the Mark Simpson Manufac- 
turing Co., Inc. (Masco). Designer of a 
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Visit Booth 164 
1955 WESCON 
Western Electronic Show 
and Convention San Francisco 

August 24 to 26) / . 


WHEN L 
SPECIFICATIONS 
CALL FOR > 


GLASS-TO-M 


Ask E-I hermetic seal specialists for a quick, 
economical solution to your design 
problems involving glass-to-metal seals. 
E-I specialization and standard designing 
means your specifications can be fulfilled, 
in most cases, by low cost catalog items. 
E-I offers fast delivery in reasonable 
quantities on seals developed for practically 
every type of electronic and electrical 


termination. Call, write or wire E-I, today! 


— offering 8 important advantages including cush- 
ioned glass construction, design standardization, 
high dielectric strength, miniaturization, vacuum tight 
sealing, vibration resistant, super durability, maxi- 


mum rigidity, etc. 


ELECTRICAL INDUSTRIES 


Division of sdinperex Elechonics Corporation + 44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 


ETAL SEALS 
—CONSULT \ 








HEADQUARTERS 
FOR— 


COMPRESSION SEALS 
MULTIPLE HEADERS 
SEALED TERMINALS 
CONDENSER END SEALS 
THREADED SEALS 
‘TRANSISTOR CLOSURES 
MINIATURE CLOSURES 
COLOR CODED TERMINALS | 


PATENT PENDING —ALL RIGHTS RESERVED 









OTM Ca AIT E 1 CmrOU Cee 
for all hermetically sealed 
terminal requirements! 





RATED VOLTAGE MAINTAINED DURING 


OT ee te Se 
CONTROL CIRCUIT TRANSFORMERS 











Hevi Duty Transformers are specifically designed to reduce the voltage drop 
to the holding coils of contactors, relays, and similar equipment at peak in- 
rush periods. Well anchored coil terminals eliminate the need for terminal 
boards. Notice how these compact, neat appearing Hevi Duty Transformers 
save valuable panel space. Sizes 20 V.A. to 10,000 V.A. We are experienced 
in the production of specialty transformers. 
































Write for data and regulation curves — Bulletin T-5111. 


A ae on 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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tape recorder for Masco. Mr. Stephens 
will be responsible for the integration 
of new product styling with a view to 
creating a family identification for the 
entire line. 


Glyn A. Neff has been appointed a 
project chief for data processing sys- 
tems at the Consolidated Engineering 
Corp., Pasadena, Calif. Mr. Neff was 
transferred from the company’s engi- 
neering division where he helped de- 
velop high-speed data processing equip- 
ment. In his new post he will be 
concerned primarily with data proc- 
essing systems as they are used in the 
design and testing of atomic reactors, 
jet engine and guided missiles. Before 
joining Consolidated, Mr. Neff was en- 
gaged in airborne receiver development 
with the Collins Radio Co. 


Appointment of Robert F. Baskin as 
manufacturing manager in charge of 
engineering and production and David 
M. Gaskill as sales manager has been 
announced by the Cleveland Instrument 
Co.. Cleveland. Mr. Baskin was _for- 
merly an engineering supervisor with 
Brush Electronics Co.. where he was 
responsible for the design and produc- 
tion engineering of electro-mechanical 
instruments. 


At the Gisholt Machine Co., Madison. 
Wis. George M. Class has been elected 
a vice president. 


Joseph |. Bosi, has been appointed 
chief engineer at the Hydro-Line Man- 
ufacturing Co., Rockford, Ill. Asso- 
ciated with Hydro-Line since 1950, Mr. 
Bosi is a graduate of the University of 


Ilinois. 


Dr. Lyman R. Fink has been appointed 
manager of the research application 


services department at the General 


Electric research laboratory. Dr. Fink, 
formerly engineering manager of the 


G-E radio and television department at 
Electronics Park, Syracuse, N. Y., suc- 
ceeds Edwin R. Parker, recently named 
general manager of G-E’s instrument 
department at West Lynn, Mass. Holder 
of a Ph.D. degree in electrical engineer- 
ing from the University of California, 
Dr. Fink has been associated with G-E 


since 1937. 


Promotions at Audio & Video Prod- 
ucts Corp., New York, resulted in the 
advancement of R. E. Hadady to vice 
president in charge of field engineering 
and James U. Lemke to vice president 
A-V Manutfac- 

of Audio & 


and chief engineer for 
turing Corp.. a 


Video. 


division 
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Making connections to the commutator 
assembly of “‘Worksaver’’ lift trucks is a 
cinch in the Yale & Towne Manufacturing 
Co. plant. Instead of laborious point-to- 
point wiring, assemblers simply install a 
ready-made Carol wiring harness. This 
custom-designed assembly includes all nec- 
essary wires, cut accurately to length and 
fitted with terminals... all cabled to- 
gether into a neat, readily handled unit 
that slashes minutes off assembly time. 


QUALITY CABLE engineered fer your needs 


You can be sure of top quality in Carol 
wiring harness. All wire is manufactured 
in our completely integrated wire-making 
plant. Every step, from drawing of wire 
to compounding of insulation is centralized 
under one responsibility under strictest 
laboratory control. é 
Expertly engineered to individual specifi- 
cations . . . delivered on prompt schedule 
... and priced right . . . Carol wiring har- 
ness is helping many manufacturers to cut 
wiring costs. We will be glad to talk over 
your specific problem. Write Dept. EM. 


DIVISION OF THE CRESCENT CO., INC., PAWTUCKET, RHODE ISLAND 
Serving Industry for Over 30 Years 
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SAVE 


on original development costs 
by using REULAND ELECTRIC'S 


SPECIAL-MOTOR “LIBRARY” 
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MOTOR #184 


Fluid-Shaft {tlie brake can be mounted before or after 
Motoreducer coupling —or both. 
with Brake 


Over 900 Different 
Electric Motors 







































HIGH STARTING TORQUE ON LOW 
CURRENT — plus variable speed re- 
duction, are features of this Slip 
Ring Gear Reducer motor. Aids in 
getting heavy loads up to full speed 
through step by step starting. 





Slip Ring 
Motoreducer 


FLUID-CUSHIONED ACCELERATION, 
SLOW SPEED, SPLIT-SECOND BRAKING 
—Internal fluid coupling provides 
smooth starts, prevents “jamming” of 
equipment. New “doughnut” magnetic 















MOUNT PUMP DIRECTLY TO MOTOR’‘S 
END BELL—Eliminates usual need for 
separate pump-mount platform. In- 
sures absolutely perfect alignment 
with pump shaft. Available with 
flange on one or both ends. For all 
standard pump makes. 






Hydraulic Pump 
Mount Motor 


COMPACT SPEED REDUCER — This 
right-angle, worm type gear re- 
ducer provides lowest cost speed 
reduction. Mounts on floor, over- 
head or side. Extremely versa- 
tile, multi-shaft load hook-up. 
Fits tightest quarters. 












Right-Angle 
Worm 
Motoreducer 








SUEUR ES Uae de oe 


Don't pay for special motor development until you first check 
Ue OLDE UA MCE ey 
new XPANDABLE DESIGN idea has produced literally hundreds 
Ce eee ED meee) LT 
FU MOM MeL lath 


UE LCR I OT ee aC MSE Eat (locate 
ma motors. Free engineering literature will be sent upon request. 
Your inquiry will be given prompt, personal attention. 


REY LAN es arene ees 


Western Division: Alhambra 1, Calif. ~ Eastern Division: Howell 1, Mich. 








Company 


Briefs 





The Glastic Corp., manufacturer of 
glass-reinforced plastics insulation prod- 
ucts for electrical equipment, is moving 
its operations into a new and larger 
plant at 4321 Glenridge Rd. near Greed 
Rd., Cleveland 21, Ohio. The new fa- 
cilities will make possible a doubling 
of output. 


Air-Marine Motors, Inc., of Amityville, 
N. Y., and Los Angeles, has been ac- 
quired by the Greist Manufacturing Co., 
New Haven, Conn., manufacturers of 
sewing machine attachments and pho- 
tographic equipment. Air-Marine will 
continue its manufacture of subfrac- 
tional horsepower motors, fans and 
blowers. 


As the result of continuing high de- 
mand for its motors and accessories, U.S. 
Electric Motors, Inc. has undertaken the 
addition of 63,000 sq ft to its manufac- 
turing facilities at Milford, Conn. 


Erie Resistor Corp., Erie, Pa., has an- 
nounced the availability of Corning 
Glass Works electronic components 
through Erie distributors. The new serv- 
ice is intended to provide a convenient 
source of supply for these components 
for prototype, laboratory, replacement 
and production fill-in applications. 


The F. W. Wakfield Brass Co., Ver- 
milion, Ohio, has changed its corporate 
name to The Wakfield Co. Although 
the original Wakefield lighting equip- 
ment was built largely of brass, the 
modern operation uses hardly any. 
There is no change in the name of the 
Canadian subsidiary, Wakefield Lighting 
Limited, London, Ont. 


Raytheon Manufacturing Co., of Wal- 
tham, Mass., plans to purchase the large 
plant in Tewksbury and South Lowell 
which was formerly the South Lowell 
Ordnance Plant. The plant’s 210,000 
sq ft of production area have been con- 
verted to electronics manufacturing fa- 
cilities. It has been operated under lease 
as a Raytheon branch plant since 1952. 


Assembly Products, Inc., of Chester- 
land, Ohio, has purchased 40 acres of 
land for a new plant on Dillon Road, 
five miles southeast of Desert Hot 
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Core Meter 
Moveme 


Here's the new Simpson Core-Type Meter 
Movement. It's a more compact, more sensitive, 
self-shielding movement that gives electrical 
measurements with laboratory accuracy, yet 
has the ruggedness to withstand severe 
shocks. Its accuracy specifications are so rigid 
that Simpson engineers had to devise 
unusual production techniques. 


Let Simpson engineers design panel meters 
using the new core movement to your 
special instrument requirements. Simpson 
continues to maintain its large stock of 
standard panel meters in over 700 sizes and 
ranges, available through distributors. 


RUGGEDIZED METERS 


Simpson's 242” and 312” Panel Meters are 
available in sealed, ruggedized models to 
meet specifications MIL-M-10304-(Sig. C). 
Movements are sealed against moisture and 
other adverse atmospheres, and are 
spring-mounted to absorb excessive vibration. 


SEND FOR NEW CATALOG 17 


INSTRUMENTS THAT STAY ACCURATE ) ELECTRIC COMPANY 
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5202 W. Kinzie St., Chicago 44, Illinois, Phone: EStebrook 9-112! 
in Canada: Bach-Simpson, Ltd., London, Ontario 
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Multiple Reprint on 
Printed Circuits 


Ix a continuing program, the editors of ELEcrricAL MANv- 
FACTURING, have been regularly reporting developments in the 
miniaturization and unitization of electronic equipment. Special 
attention has been given to printed circuits and associated tech- 
niques, both from the standpoint of parts design, application, 
and advanced fabrication and assembly methods, including au- 
tomatic production. 


A selection of 14 of these articles has been brought together 
in a 72-page booklet, Multiple Reprint No. 8, “Printed Cir- 
cuits.” Booklet is 8% x 11 in., and includes each article in 
complete form with all original illustrations, schematics and 
diagrams. Subjects include: 


Elements of Radio Circuits Printed on Ceramic Plates, April 1946, page 
138. Report of initial development of printed circuit components for 
proximity fuses; conductors formed of silver e applied by silk screen 
on steatite plates and fired; resistors are carbon suspensions sprayed or 
painted. 

Standardized Stamped Wiring for Low-Power Circuits, July 1947, page 98. 
Grids of strap copper on two sides of insulating sheet connected by 


eyelets as solution to cross-over problems; eyelets used for mounting 
components. 


Metallized Circuits Reduce Wiring Costs, September 1947, page 116. 


Atomized metal sprayed through a stencil to form conductors in grooves 
in dielectric material. 


Three Metallized Techniques for Component Design, February 1949, page 
120. Conductors formed by metallizing a nonconductive surface as a 
mass production technique. 


Miniaturization—Crux of Contemporary Product Design, June 1950, page 
86. Printed circuits a major means along with unitized package and 
module design for reduction in size, weight and complexity of electronic 
design. 

Unitized Electronic Design and Construction Techniques, February 1951. 
page 78. Printed circuits shown to be major elements in development 
of functional subassemblies, providing better reliability and decreased 
maintenance. 


Mechanization of Wiring—Key to Automatic Assembly, January 1953. 
page 74. Design objectives behind the development of Motorola’s “Pla- 
cir” system for mechanization of point-to-point wiring. 


Printed Circuit Assemblies by Automatic-Machine Systems, March 1953, 
page 106. Projected system for mechanizing electronic circuit assem- 
blies based on industry experience with the Auto-Sembly method de- 
veloped by the Signal Corps. 


British Developments in Embedded and Printed Circuits, May 1953, page 
84. Review of current thinking and progress based on recent official re- 
ports; several systems discussed, including methods of producing sprayed 
resistors and printed coils. 


All-Printed Circuit Electronic Assembly, June 1953, page 152. Rubber- 
backed connector system combined with printed circuits chassis ele- 
. ments eliminates connectors and most hand wiring. 


Portable Radio with Printed Circuit, July 1953, page 139. Admiral 
portable radio uses a photo-etched circuit pattern on a copper-faced 
phenolic-paper laminate. 


Solderless Electronic Assembly with Cellular Units, September 1953, page 
139. A system of circuit elements combined with printed circuits to 
simplify automatic assembly. 

Printed-Circuit Design Sources, December 1953, page 129. Tabulation of 
commercial and experimental design and fabrication services; survey of 
materials used, end-product specialties, and design information. 


Simplifying Fabrication of Printed Circuits, February 1954, page 122. Im- 
proved stencil-etch method for cutting down production time. 


@ Copies of Multiple Reprint No. 8 are available at $2.00 each on requests 
accompanied by remittance, including 3 per cent sales tax for New York 
City deliveries. Send orders to Reader Service Dept., The Gage Publishing 
Company, 1250 Sixth Ave., New York 20. 





Springs. Calif. The location is 125 miles 
east of.Los Angeles and 12 miles from 
Palm Springs. 


Henry Hinz Associates has been es. 
tablished as design engineering con- 
sultants to the electronics field. Its head, 
Henry Hinz, was formerly chief me. 
chanical engineer and assistant to the 
president of CBS-Columbia. The new 
organization will assist electronics com- 
ponent manufacturers in design and 
production development of plastic, wood 
and fabricated metal products. It is lo- 
cated at 1888 Grant Ave., East Meadow, 
L. L, N. Y. Hinz was also with the 
Admiral Corp. 


To meet increased demands of grow- 
ing markets, Allis-Chalmers Manufactur- 
ing Co., has realigned its operating di- 
visions. Of the six major operating 
divisions, each headed by a general 
manager, three will be in the industries 
group, formerly known as the general 
machinery division, and three will be in 
the tractor group. J. L. Singleton, vice 
president and company director, will 
head the industries group. J. W. Me- 
Mullen, vice president, transformer and 
switchgear equipment, will be vice pres- 
ident and general manager of the power 
equipment division. He will be re- 
sponsible for such products as turbines, 
condensers, generators, transformers, 
switchgear, regulators and_ nuclear 
power. 

P. F. Bauer, manager, apparatus de- 
partment and general manager of the 
firm’s Norwood, Ohio Works, was 
named general manager of the indus- 
trial equipment division. Products in- 
cluded in this division will be processing 
machinery such as crushing, mining, 
cement and flour milling. 

Heading the general products divi- 
sion will be W. M. Wallace, who previ- 
ously was manager of the processing 
machinery department. In the new di- 
vision will be such products as motors, 
pumps, drive, controls and 
other general purpose equipment. 


Texrope 


General 
Switchgear 


Electric Co.’s Low Voltage 
Department, Philadelphia. 
has assumed responsibility for the mar- 
keting of the company’s line of current- 
limiting fuses rated 250 and 600 volts in 
sizes ranging from 6 to 200 amp. The 
Construction Materials Dept., Providence. 
R. I., formerly handled marketing of 
this product. These fuses are designed 
for branch circuit applications such as 
safety switches, combination starters. 
small and large motor circuits, and air 
circuit breakers. 


At Fair Lawn, N. J., Fairbanks, Morse 
& Co., of Chicago, has opened a new 
sales and service headquarters for the 
export division and a seven-state area 
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“Vibration Isolation’ has helped solve the 
increasing problem of mechanical vibrations 
in high fidelity reproduction of sound. 


For years, sound engineers have been 
plagued by mechanical vibrations 


caused by movement of grips, dollies and 
other studio equipment. And the pro- 
gressive development of the high fidelity 
microphone has increased the importance of 
eliminating the adverse effects of 
these disturbances. 

Faced with this problem, design engineers 
of a leading manufacturer of microphones 
and related electronic equipment consulted 
with LorD engineers. Lorp’s 30 years 
of experience and knowledge in vibration 
control resulted in a bonded tube-form 
joint of live rubber which effectively 
isolated mechanical vibrations from the 
microphone head. 

“Vibration Isolation” is the answer to 
only one of the many problems presented to 
and solved by LorpD engineers. If you 

LORD Bonded are interested in producing tape recorders, 
Tube-Form Joint microphones and other types of reproduction 
For Microphone Heads 
equipment, LorD engineers are ready 
to consult with you. Let them help you 
produce equipment of the most exacting 
professional standards with Lorp rubber 
bonded products. 


LORD 


DESIGNERS AND PRODUCERS OF BONDED RUBBER PRODUCTS SINCE 1924 
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THIS IS THE KIND 
OF PERFORMANCE 
YOU CAN EXPECT FROM 


VICTOREEN 
CURRENT REGULATORS 


GENERALIZED GRAPH OF CURRENT REGULATOR TUBE CHARACTERISTICS 
BSRe ASS 


m— CURRENT INCREASING —oe 


Victoreen engineers have de- 
signed current regulator tubes 
for hundreds of the most ex- 
acting electronic applications. 
Chances are that one or more 
of these once special designs 
are now standard production 
numbers and available to you 


at quantity production prices. 


These standard Victoreen cur- 
rent regulators range in rat- 
ings from 0.15 ampere to 5 
amperes, with threshold volt- 
ages from 1.5 volts to 35 volts. 
Following tube sizes avail- 
able: T-5 2; T-6 V2; T-9; T-11; 
ST-12; ST-14; ST-16. 


Write for catalog 3018. 


3815 PERKINS AVE. 


© CLEVELAND 


including Connecticut, New York. New 
Jersey, Eastern Pa., Maryland, Dela. 
ware, and Virginia. The 50,000 sq f 
building will serve as a central shipping 
point for all company products and re. 
pair parts and replaces other company 
facilities in New York City and Phila. 
delphia. 


Chem-Etched Circuits, Inc., Garrett, 
Indiana, has been formed to design, de. 
velop and manufacture etched circuits 
by the photoengraving method. George 
C. Weiss is president and James E, 
Wolfkiel, Sr.. is manager of research 
and development. Production has been 
started on multiple-unit sheets in sizes 
as large as 36 x 36 in. 

Micamold Electronics Manufacturing 
Corp. is the new name for Micamold 
Radio Corp. of Brooklyn, N. Y. No 
change in company management or or- 
ganizational structure is contemplated. 
However, Micamold is expanding its 
manufacturing facilities both in Brook- 
lyn and Tazewell, Va., and a laboratory 
site has been chosen in the Los Angeles 
area to better serve West Coast cus- 
tomers. 


Pitney-Bowes, Inc., Stamford, Conn., 
has purchased the recently vacated Gar- 
den Street Plant of Schick, Inc. Schick 
is completing its move to a newly built 
plant at Lancaster, Pa. The former elec- 
tric shaver plant is to be used to meet 
the portage meter and business ma- 
chines company’s needs for a_sales- 
service warehouse. 


The American Brake Shoe Co. has pur- 
chased the Denison Engineering Co., Co- 
lumbus, Ohio, manufacturer of hydrau- 
lic presses, pumps and automatic con- 
trols. Denison will become a wholly 
owned subsidiary with W. C. Denison. 
founder, continuing as president and 
chief executive officer. 


An agreement has been reached for 
the acquisition of all the stock of Scien- 
tific Specialties Corp., Boston, Mass., by 
Norden-Ketay Corp. Scientific Specialties 
is engaged in the design, development 
and manufacture of precision laboratory 
and testing instruments used in the med- 
ical field and by electronic laboratories. 
Among the company’s testing devices is 
a_ milli-micro-microammeter. Scientific 
Specialties will continue as a wholly 
owned subsidiary of Norden-Ketay. 


Hycon-Eastern Inc., Cambridge, Mass.. 
has been formed by a number of na- 
tionally known scientists and Hycon 
Mfg. Co. of Pasadena, Calif. M. M. 
Hubbard is president of the new cor- 
poration. Hycon Mfg. Co. will be the 
majority stockholder. The new company 
will engage in physical research and in 
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After testing numerous design. materials 





Technology Instrument Corporation speci 








fied injection-molded Mycalex 410 for 
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ecision potentiometers 





















































By permitting closer dimensional toler 





For more details 
on this exciting material 
and its application to your 
design problem, write to 
General Offices and Plant: 
Department 116 

P. 0. Box 311 

Clifton, N. J. 
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TIC designers are typical of the hundreds 
of electrical and electronic engineers who 
have discovered the outstanding qualities 
of Mycalex. Important Mycalex properties 
include: 
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* high dielectric strength 












* permanent and absolute 
dimensional stability 
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f glass-bonded mica products 
and organic solvents _—— 4 
















* very high arc resistance 
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with complete freedom 
from carbonization 






the development and manufacture of 
new technical devices for military and 
civilian use. Particular emphasis will be 
placed upon the creation of new prod- 
ucts and techniques related to nuclear 
instrumentation and control, microwave 
communication, and data transmission 
and processing by digital methods. 
Hubbard was assistant director of 
MIT’s Lincoln Laboratory. Participating 
in technical supervision of the new en- 
terprise will be Dr. Jerrold R. Zacharias 
and Dr. Herome B. Wiesner. Dr. Weis- 
ner is director of the Research Labora- 
tory of Electronics at MIT and Dr. 
Zacharias is director of the Laboratory 
for Nuclear Science at MIT. 





Construction of a 57,600 sq ft plant 
for the research, development and pro- 
duction of transistors and other semi- 
conductor devices has been initiated by 
Motorola, Inc. Located on an 18-acre 
tract in Phoenix, Ariz., the new building 
will be only a short distance from the 
company’s engineering research and de- 
velopment center. 


Rollins Corp., 117 Schley Ave., Lewes, 
Del., has changed its name to Rollins 
Electronics Corp. The company manufac- 
tures transformers of all types, filters, 
cable harness and other custom com- 
ponents. 


The Starr-Kap Engineering Co., man- 
ufacturers and designers of tools, fix- 
tures, gages, and special machinery has 
completed a new building program on 
their property at 13727 Plymouth Road. 
Detroit. Mich. The additions have al- 
most doubled the company’s productive 
capacities. 


The Marbon Chemical Division of the 
Borg-Warner Corp. has announced the 
start of preliminary engineering in the 
development of its new plant site at 
Washington, W. Va. The initial building 
project, if decided upon, would prob- 
ably utilize only a small portion of the 
site at the outset. Manufacture of syn- 
thetic resins, high-impact plastics and 
adhesives for bonding rubber to metal 
at the company’s main plant in Gary, 
Ind., will be unaffected. 


Work on a 500,000 expansion pro- 
gram which will result in a 50 per cent 
space increase for the production of 
automation machinery and machine 
tools has been started by the Snyder 
Tool & Engineering Co., Detroit. The 
20.000 sq ft factory expansion will be 





made at the company’s main plant at 
3400 E. Lafayette Ave., and when com- 
pleted will enable setting up of transfer- 
type machines up to 250 ft long and 25 
ft high. 


The Navy Bureau of Aeronautics and 
National Bureau of Standards have an- 
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Serves a wide variety 
of exacting applications 


Over 50 years of good, practical experience, a 
staff of trained engineers, a modernly equipped 
laboratory and skilled, conscientious shopmen 
give Kopp the ability to supply you with the 
most dependable technical glassware available. 

Whether it be a trim, individually designed 
‘bullseye,’ a sturdy sight glass or a technically 
perfect lens for traffic or railroad signaling, 
Kopp can guarantee to meet your specifica- 
tions to the letter. Every Kopp lens, color 
filter or roundel, in any size or shape, is en- 
gineered with precision and manufactured 
with craftsmanship. The illustrations on this 
page are but a few of thousands made by Kopp. 

Let us submit ideas, designs and prices for 
your consideration. 


lt 


a2 SS) 


KOPP GLASS, Inc. 


SWISSVALE, PA. 
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to run thi DIZZY WHIRL 


In the Brookhaven National Labora- 
tory’s ““Cosmotron” at Upton, L. L, 
forty million watts accelerate nuclear 
particles to the heady speed of 170,000 
miles per second in the interest of re- 
search. 

Compactness, electrical efficiency, 
and mechanical strength are “musts”’ 
in the terminal blocks required for the 


Cosmotron’s more than 100 miles of 


wiring. These and other characteristics 
that could be important in your busi- 
ness were assured by using impact-type 
molded Durez phenolic plastics. 
Durez is weight-saving in itself, 
molds with thin walls to save added 
space and weight. It is easily milled, 


MOLDING COMPOUNDS. Structur- 
al, electrical, and chemical prop- 
erties in many combinations. 
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PHENOLIC 
PLASTICS 


that 
Fit the Job 


and threaded inserts are molded-in. 
Strength is ample to withstand stress 
and vibration and to hold socket con- 
nectors secure. 

The several classes of Durez phe- 
nolics now meeting rigid specifications 
in many fields of manufacture may in- 
nig a better material for your prod- 

. Your molder will gladly help you 
ae the answers. Or ask us to have a 
Durez field man contact you. 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
1308A Walck Road, North Tonawanda, N. Y. 


Export Agents: Omni Products Corporation, 
464 Fourth Avenue, New York 16, N. Y. 














































RESINS FOR INDUSTRY. Bonding, 
casting, coating, laminating, im- 
pregnating, and shell molding. 


















nounced that the NBS line for the 
mechanized production of modular elec. 
tronic equipment will be operated by 
Aerovox Corp., New Bedford, Mass, 
manufacturers of electronic components, 
Aerovox succeeds the Kaiser Electronics 
Division of Willy Motors, Inc. in the 
operation of the line—formerly code. 
named Project Tinkertoy. The pilot 
plant will continue to be operated at 
its present location in Arlington, Va. 





Resdel Engineering Corp., manufac. 
turers of radar systems and dielectric 
heating equipment, is transferring its 
facilities from Los Angeles to a 21,000 
sq ft plant at 330 South Fair Oaks 
Ave., Pasadena, Calif. The new plant 
has been designed to accommodate in- 
creased production of radar systems 
and expansion of Resdel’s industrial 
division, now manufacturing dielectric 
heaters for the plastics, clay pipe, frozen 
foods and glass industries. 


Dalmo Victor Co., San Carlos. 





Calif., 
a subsidiary of Textron American, Inc., 
has announced construction of a $1,200, 
000 plant on Harbor Blvd. and Indus- 
trial Way, Belmont, Calif. Slated for 
completion in the summer of 1956 the 
180,000 sq ft plant will house all of 
the electronic firm’s facilities with ac- 
commodations up to three times present 
production capacity. 


Cornell-Dubilier Electric Corp., South 
Plainfield, N. J., has formed a printed 
wiring division, to be devoted exclusive- 
ly to the design, development and man- 
ufacture of printed circuitry. Production 
facilities are available for subassem- 
blies. complete or partial, using con- 
nectors. terminals, eyelets, capacitors, 
sockets and resistors. 


To extend the automation activities 
of its laboratories apparatus division, 
G. M. Giannini & Co., Inc., Pasadena, 
Calif., has formed an automation divi- 
sion known as the Datex Division, whose 
activities will include automatic control 
and data recording methods for indus- 
trial processes, and conversion of data 
into digital form. The division is now 
supplying equipment that converts 
analog process information into digital 
data on punched cards and tape, printed 
tapes or tabulated chart for control or 
recording applications. 


Sylvania Electric Products Inc., has ap- 
proved a 50 per cent increase in the 
size of its new electronics laboratory, 
now nearing completion in Waltham, 
Mass. The original 80,000 sq ft plant 
plus the 40,000 sq ft addition will house 
the missile systems laboratory, now lo- 
cated temporarily in Whitestone, N. Y., 
and the engineering laboratories now in 
Boston. The new facilities will form 
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RING 


HUDSON 
STANDARD 


SIZES 
.. . available 


now from 
stock! 


STANDARD 
RECTANGULAR 
CASES 

HU-714: 

DIMEN. A—11/32” 
DIMEN. B—17/32” 
LENGTH—1 1/8” 
WU-720: 

DIMEN. A—1 1/32” 
DIMEN. B—1 3/16” 
LENGTH—2 1/2” 


WU-735: 

DIMEN. A—i 5/32” 
DIMEN. B—1 13/32” 
LENGTH—3 1/8” 


‘ HU-740: 


STANDARD 
ROUND CASES 


HU-728: 
OUTSIDE DIA.— 


1 1/1 
LENGTH—2 1/4” 


HU-725: 
OUTSIDE DIA.— 
LENGTH—1” 


HU-739: 
OUTSIDE DIA— 


HU-722: 
OUTSIDE DIA— 


2 
LENGTH—2” 


STANDARD 
SQUARE, CASES 
HU-709: 

DIMEN, A—1” 
LENGTH—2 1/8” 
HU-741: 

DIMEN. A—1 3/4” 
LENGTH—2 19/32” 


HU-730: 
DIMEN. A—2” 
LENGTH? 7/8” 


FILE FOR 
FUTURE REFERENCE 
Clip this page and 


file with new 
HUDSON ith ALOG! 


ALGUST 1955 





2 


- 





.. THREE COMPLETE SERVICES!* 


Hudson Standard Metal Closures < 


Over 1000 economical standard types mean HUDSON can 
supply precision components at commercial prices. A wide 
variety of optional features make it,possible to solve 

all but the most unusual closure requirements with 
standard types selected from,HUDSON stocks. 


Hudson Quality Metal Stampings 

Metal parts produced to your exact specifications at prices 
that reflect the economies of.mass production methods. 
Hudson can work to close tolerances and maintain 
uniformity throughout production runs, Quotations supplied 
promptly on receipt of drawings. 


Hudson Sheet Metal Facilities x Svdienstew | ws 


Depend on HUDSON for expert fabrication of simple or —<stcloBs Full descriptions, of 


complex sub-assemblies. Facilities include certified welding see. oes 
of alloys, silver soldering, brazing and chrome plating: or write for your copy, new! 


Precision Components of 
Steel, Aluminum, Copper, 
Brass, Mu Metal 


TOOL & DIE COMPANY °- INC 
118-122 SOUTH 14th ST., NEWARK 7, N. J. 


(i?) HUDSON 
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Various suggested inputs 


Ml aeeeees DC BRIDGE STRAIN GAUGE CRYSTAL DETECTOR 


aN atai SO aie Cmm Le 


Various suggested outputs 


Interested in long-life, low-level amplification? - 
—then look into these PRD magnetic amplifiers. 


If amplifying weak signals from transducers is your prob- 
lem, then one of our low-level magnetic amplifiers may 
well be your answer. 


The life expectancy of PRD magnetic amplifiers is much 
greater than that offered by vacuum tubes. They can with- 
stand extreme shock and vibration and are hermetically 
sealed for complete protection from moisture. They need 
no warm-up time and show negligible heat dissipation. 
They show excellent stability and linearity under varying 
ambient conditions and are conservatively rated. 


These trouble-free amplifiers will realize for you important 
savings in maintenance and replacement costs and help 
eliminate expensive factory down-time. 


Ask for our complete catalog, which also includes 400 and 
60 cps instrument servo amplifiers, and let our engineers 
show you how these units can be adapted to your system 


requirements. 
|__¥es_ | Yes | 










Maximum output Power (mv) 
1. 73 


Voltage (v) 
Reversible polarity output 






Recommended load resistance (ohms) [| 600 | 

Input resistance (ohms) | 1000 | 

Gain in linear region Power = 3x105 
Voltage 2750 
Current 10 110 








Minimum input signal d.c. 
Zero drift referred to input (mv) 
Voltage input for full output (mv) 
Time constant — 63% response (sec) 
Power supply 


















115 v +10%, 60 cps +5%, single phase 
*Choice of three models, 1, 2 or 3. All models incorporate variable gain control. 


RESEARCH 
& DEVELOPMENT CO-INC 


Midwest Sales Office: 
1 SO. NORTHWEST HWY., PARK RIDGE, ILL.—TAlcot 3-3174 
Western Sales Office: 
737-41, SUITE 7, NO. SEWARD ST., HOLLYWOOD 38, CAL. * HO 5-5287 


202 TILLARY ST. 


BROOKLYN 1. N.Y. 
Telephone 


ULster 2-6800 
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| with headquarters, as well as engineer. 


| relays and exposure 


| straight roller bearings, 


part of the electronics system division 


ing and production facilities in Buffalo. 


a. 3. 


Weston Electrical Instrument Corp. ha. 
been acquired as an operating subsidj. 


ary of Daystrom, Inc., Elizabeth, N. J. 
Weston will continue to use its cor. 
porate name and trade marks and 


manufacture electrical indicating instry. 
ments, flight instruments, thermometers, 
meters. Weston’s 
main plant is in Newark, N. J.; another 
is in Ponce. Puerto Rico. 

Federal-Mogul Corp. and Bower Roller 
Bearing Co. announced merger 
plans into a new company to be called 
Federal-Mogul-Bower Bearings, Inc. [) 
1950 Federal-Mogul arranged to mer. 
chandise and distribute Bower products, 
Principally a manufacturer of sleeve 
bearings, washers and bushings, Fed- 
eral-Mogul recently entered the ball 
bearing field by acquiring Bearings Co, 
of America, Lancaster, Pa. With the ad- 
dition of the Bower line of tapered and 
a full bearing 
available. 


have 


line will now be 

The William Brand & Co., 
limantie. 
on Route 


Wil- 
Conn., has opened a new plant 
6 in North Windham, Conn.. 
for the manufacture of its electrical in- 
sulation products. 


Inc., 


The Hoffman’ Engineering Corp., 
Anoka, Minn., has completed a 10,000 
sq ft addition to its present manufactur- 
ing facilities, which will be devoted to 
the production of its line of JIC oil-type 
pull boxes, troughs, pushbutton stations 


| and NEMA 12 panels. 


Fifty per cent more space is provided 
by the new plant of the Electra Manu- 
facturing Co., manufacturer of deposited 
Located at 800 North 
Kan., the 


carbon resistors. 


21 St., Independence, new 


| facility replaces engineering and _ pro- 


duction units formerly located at Atchi- | 


son, Kas.. and Kansas City, Mo. Sales 
offices will remain in Kansas City at 
2537 Madison. 


The Radell Corp., Indianapolis, manu- 
facturer of deposited carbon precision 
has been acquired by Texas 
Instruments Inc., Dallas, Tex., electron: 
ics and geophysics firm. Radell produc: 
tion operations are being transferred to 
Dallas, where it will further strength- 
en the of Texas Instru- 
ments’ Components Division. 


resistors, 


operations 


The American Thermometer Division 0! 
Robertshaw-Fulton Controls Co., pro 
ducer of automatic control devices for 
home and industry, has been re-desig- 
nated the American Controls 
The division is located in St. Louis. 
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‘» For the most dependable printed circuits, you need 
the high bond strength, workability, heat-resistance 


of C-D-F DILECTO METAL-CLAD LAMINATES 


cor. 














































and | HIGH BOND STRENGTH —C-D-F’s special adhesive for metal- 
: , clad Dilecto bonds the copper foil to the plastic without affecting 
stru- the laminate’s superior electrical properties. Heat-resistance, dissi- 
ters, pation factor, dielectric constant, dielectric strength, and insulation 
ton’s resistance of the Dilecto base remain unaffected. The closely- 
other bonded foil can be etched cleanly and dipped in hot solder to 
220°C. (428°F.) for ten seconds with a guarantee of no blistering 
or separating. Metal-Clad Dilecto can be punched or machined 
either before or after etching. 
Roller 
Prger EXCELLENT WORKABILITY —On all five Dilecto metal-clad 
alled | grades, you can solder, punch, saw, and assemble components 
. Ie either by hand or automatically. Thanks to the inherently superior 
; | workability of the plastics laminate over that of ceramic-type 
mae materials, Dilecto can be dropped, jammed into tight chassis, and 
= otherwise treated roughly on the assembly line and in service. 
leeve 
Fed. HIGH HEAT-RESISTANCE—Metal-Clad Dilecto Laminates are 
ball made of phenolic, epoxy, or Teflon* resin for various conditions 
s Co of service and assembly, and have either cellulosic paper or woven 
i. \ glass-fabric base. All are ideally suited to printed-circuit applica- 
> ad- tions in which heat-dissipation is a major problem. Continuous 
1 and exposure to high ambient operating temperatures in enclosed elec- 
aring tronic equipment has no significant effects on Dilecto’s electrical 
and physical properties. 
Wil. UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable 
slant | — source of supply, can help you get the most for your printed-circuit 
I a ‘ money by reducing rejects, lowering fabrication costs, assuring 
conn. Printed circuits based on C-D-F materials are being used dependable quality every time. Send us your print or problem, and 
al in- with great success in military electronic equipment, commer- We'll gladly supply appropriate test samples free. See our catalog 
cial television and radio sets, telephone switchboards—even in the Product Design File (Sweet’s) or send for the new 20-page 
sub-miniature radiosonde equipment and hearing aids. Dilecto catalog. Let your nearby C-D-F sales engineer (listed in 
_ Photos courtesy of Photocircuits, Inc.. Glen Cove. N.Y. Sweet’s) help you right from the design stage! 
0,000 
actur- a “a TYPICAL PROPERTY VALUES e 
ed to Copper-Clad |  Copper-Clad Copper-Clad 7 Copper-Clad Copper-Clad 
l-type PHENOLIC PHENOLIC EPOXY EPOXY TEFLON* 
tions . cad (Grade XXXP-26) | (Grade XXXP-24) (Grade GB-116E) | (Grade GB-181E) | (Grade GB-116T) 
| BOND STRENGTH—0.0014” foil | Be 
(Lbs. reqd. to separate 1” 5 to8 5 to 8 8 to 12 8 to 12 5 to 8 
ai width of foil from laminate) 
vides MAXIMUM CONTINUOUS | a 
lane- OPERATING TEMP. (Deg. C.) 120 | 120 | 150 150 ~ 
osited DIELECTRIC STRENGTH | | 
North (Maximum voltage per mil.) 800 800 700 650 700 
aie INSULATION RESISTANCE (Megohms) | ibe: 
ney j 
| ed 96 hrs. at 35°C. & 90% RH 50,000 50,000 30,000 20,000 Over 10° megohms 
Atchi- | DIELECTRIC CONSTANT 10¢ Cycles 4.20 4.20 4,90 4.95 2.85 
Bakes DISSIPATION FACTOR 106 Cycles 0.026 0.026 0.019 0.018 0.0006 
a _ARC-RESISTANCE (Seconds) 10 | 10 | 60 | 80 | 180 
TENSILE STRENGTH (psi.) 16,000 x 13,000 | 14,000x 11,000 | 46,000x 42,000 |. 48,000x 44,000 | 23,000 x 21,000 
_FLEXURAL STRENGTH (psi.) 21,000 x 18,000 | 19,000 x 16,000 | 60,000 x 55,000 75,000 x 65,000 | 13,000x11,000 
ae IZOD IMPACT STRENGTH edgewise | | s ee a 
— (ft. Ibs. per inch of notch) 0.40 x 0.35 0.40 x 0.35 6.5 x 6.0 38x05 6.0 x 5.0 
cision | i } t 
Texas papell 23000 | 27,000 | 60,000 62,000 | — 20,000 
ctron- - | Fine-weave, | Medium-weave, | Fine-weave, _ 
-oduc- BASE MATERIAL OF LAMINATE Cotton rag paper | Cottonrag paper | medium-weight | medium-weight medium-weight 
red to | glass cloth | glass cloth glass cloth 
ngth- COLOR OF UNCLAD LAMINATE Natural greenish {| Natural Brown } Natural | Natural Natural 2 


nstru- All these standard grades are available with 0.0014 ’’ 0.0028’, 0.0042’”, or thicker electrolytic or rolled copper foil 
on one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 


*duPont Trademark 


"s > Crttwitel- Diemnd ibe 


desig- 


alias CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 
is. NEWARK 13, DELAWARE 
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Spencer 
hermostats 
must have 
uniform 


Making the right angle bend on this 
brass contact terminal was troublesome 
until Spencer Division of Metals & 
Controls Corporation turned the job 
over to Mohawk. We not only stamped 
and formed the part, but tapped it in 
the same operation. Mohawk produced 
perfect, uniform parts at only about 
half the cost, a yearly savings of thou- 
sands in initial cost alone. And with 
Mohawk's better parts, there's a saving 
in smoother production and the elimi- 
nation of rejects. 

Mohawk can cut your production 
costs on threaded stampings, too. 
Intricate or simple parts are turned out 
economically and on schedule. Holes 
are squarely tapped and threads can 
be held to Class 3 fit. If you have a 
headache to buck on threaded stamp- 
ings, pass it to Mohawk for savings in 
time and money. 


Write or phone now. 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 





292 











Abstract and Comment 





Russia’s Engineering Strength 


DEMITRI B. SHIMKIN 

Social Service Analyst 

BUREAU OF THE CENSUS 

U. S. Department of Commerce 


THE TREMENDOUS, continuing Soviet 
effort to enlarge Russia’s scientific and 
engineering strength has embraced five 
elements: incentive, selection, training, 
intelligence, selective borrowing from 
the West, and research. 

1—During student and early profes- 
sional years, the major incentive is 
prolonged deferment or even exemption 
from military service, although engi- 
neers must accept civilian assignment 
as directed. In later years, the material 
rewards may become very large, with 
handsome salaries being supplemented 
by prizes and bonuses and direct allot- 
ments of extreme Soviet scarcities. Pro- 
fessional earnings are lightly taxed. 

2—The base of selection is relatively 
narrow. Political, economic and cultural 
factors strongly favor the children of 
urban, white-collar workers. At the 
same time, women enjov greater tech- 
nical opportunities than in this country: 
in 1940, nearly a fifth of all Soviet 
physical scientists and engineers were 
women. 

Selection for vacancies in institutions 
of higher learning appears to be both 
competitive and objective. It is based 
essentially upon na- 
tionwide examinations covering mathe- 
matics, 


performance in 
physics, chemistry, Russian 
language and literature, and a foreign 
language. 

3—Over the past quarter-century, 30 
per cent of all Soviet graduations from 
institutions of higher learning, or twice 
the American ratio, have been in the 
physical sciences and engineering. As a 
result, the number of working graduates 
in these professions has increased (ac- 
cording to estimates of Nicholas De- 
Witt) from 40,700 in 1929 to 541,000 
in 1954. Thus, the Soviet Union has 
now reached two-thirds of the American 
personnel strength in these fields. 

The duration of secondary and basic 
professional education, 8 years, and the 
content of the general science courses 
offered compare favorably with our own. 
Soviet secondary education is primarily 
oriented toward preparation for a tech- 
nical career. In the 8th to 10th grades, 
corresponding to our high schools, 38 
per cent of the hours 


classroom are 


‘ 


devoted to mathematics and _ science, 
Finally, higher education routinely 
combines formal instruction with guided 
industrial practice and with research. 

The most serious weakness of Soviet 
technical education is its subordination 
to production Ministries. This has led 
to extremely narrow specialization. with 
overriding emphasis upon the minutiae 
of current practice and with the avoid- 
ance of experimental approaches. The 
absence of elective courses and the prac- 
tical impossibility of changing from one 
curriculum to another reinforce the 
rigid compartmentation of Soviet educa- 
tion. Scientific societies in the Western 
sense do not exist. 

The teaching staffs in the physical 
sciences and engineering are heavily 
burdened, with about twice many 
hours of teaching as in this country. 
Textbooks are either general, very con- 
servative expositions, or detail-crammed 
technical manuals, or translations of 
Western works. Laboratory equipment 
and materials are very scarce. Finally, 
the students are fearfully overloaded. 
with 40 hours of class work weekly and 
frequent examinations. 

t—As DeWitt has observed. 


technical education is basically designed 


as 


Soviet 


to mass-produce supervisors of manufac- 
turing routine. This specialization is pos- 
sible so long as necessary innovations 
can be systematically borrowed from the 
West as was the case before World War 
II. 

During World War II, Lend Lease 
provided a massive transfusion of West- 
ern experience. The occupation of Ger- 
many provided further opportunities. 
All of this new information was rapidly 
assembled and organized. The direct 
fruit of this carefully used aid was a 
Soviet technological break-through in 
atomic energy and other weapons de- 
velopment. 

5—Dependence upon the West is a 
cheap and fairly sure way to achieve 
technological but it 
the disadvantages of a built-in time lag 


progress, incurs 
and of solutions inappropriate to pe- 
culiarly Soviet conditions. 

Russian science has a strong tradition, 
with many outstanding figures. Govern- 
ment support. centralized organization. 
and planning have characterized Rus- 
sian research for the past two centuries. 
At the present time only the United 
States the U.S.S.R. in re- 
Yet. the successful ap- 


surpasses 


search volume. 
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Lightweight motor with 
efficient spur gear 
speed reducer. 


Sata 


This motor is representative of the many specially engineered 
Lamb Electric Motors that are giving excellent service in a 
wide range of products. 


The reliability of Lamb Electric Motors results from proper 
design and careful manufacture, by personnel having many 

years of experience in the small motor field. Motor parts for portable 
electric tools and other 


Use of a Lamb Electric Motor frequently results in an dential cheniien. 


improved product and lower costs. May we demonstrate 
these advantages to you? 


THE LAMB ELECTRIC COMPANY ° KENT, OHIO 


In Canada: Lamb Electric — 


Division of Sangamo Company Ltd. — Leaside, Ontario 


* mb Electric 


reactionat Horserower MOTORS 
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| plications of original Soviet research 
° Working Models with appear to be notably few. 

Why? In part because of qualitative 

ILLUMINATED PUSH BUTTONS weaknesses in Soviet science itself that 

Will be exhibited! | have led to unsure results. Other causes 


ew are the conservatism, compartmentation 


ATIONAL : Delivery in near future and structural rigidity of Soviet indus- 

iD f a | try. Even more important is Party dic- 

Button Switch - tation, which forces Soviet industry to 

; ae oe produce at all costs, to improvise rather 

Le ee than to reach basic solutions. Above all. 

there is fear of error, or even of suf- 

; ficient prominence to be chosen as aq 
BOOTH 813 oo scapegoat for Party blunders. 

1955 WESCON SHOW The Soviet scientist or engineer is 

aaa aa m deeply suspected by the Party. To do 

a a _ < his job, he must maintain contact with 

inn both the pre-revolutionary past and 

with the West. And the logic of his 

work drives him into repeated conflict. 

open or hidden, with Party dogma and 

favoritism. Despite the fact that 38 per 

cent of scientists and engineers as a 

: a : : aa . Wiese 

saat FUNCTIONS ADAPTABLE TO NEEDS whole are Party members, the Party 


¢ Interlock. Actuating of a button automatically restores | has organized elaborate networks of in- 
to normal, button previously actuated. i | spectors and informers to watch them. 

e Non-locking. Each button has momentary action. neal iottastin 3 ; 

ores "te 12 statins tools ° All-lock. Accumulative locking—all buttons restored ; and, periodically, it imposes terror, 

ar ° stations pos- to normal by actuating release button. 2 pete a ill estate seueaualie 

sible. Up to 4 stack All-lock and non-lock combination. Choice of functions. fore ing scientists to abase themselves 


switches can be operated Interlock and non-lock combination. Various arrange- before Party pronouncements. 
by each button — and ments possible. 


many other features. 





The “Multi-Switch” has 
features never before 


In consequence, there is a constant 


ait lili tlh siltation Aight from responsibility. Despite the 


ments or write for bulle- | large number of engineers trained, 
tin S-550 & 161. 


| despite compulsions and the great ma- 
1324 N. Halsted St., Chicago 22, Ill. peony en 
: 9 . terial incentives, shortages of skilled 
manpower in high-priority areas are 
chronic. 


Canadian Representative: Atlas Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Canada. 


scale is essential to the realization of 
Soviet ambitions, yet the Communist 


new designs on the board ? GS FRe¢ Party dare not trust the scientist and 


i oo . the engineer. The Soviet Union fears 
Ke TINY MOLDED the West. yet depends upon its tech- 


nology. Given these circumstances, the 


_ following conclusions may be advanced: 
1—At the present time, the actual 
| effectiveness of the Soviet Union in 


| scientific innovation and application is 
may be the | | pe 


far lower than might be indicated by 


difference | the large numbers of its physical scien- 


tists and engineers, and by the immense 


eee a iat sae 
between Soviet effort in training and research 


2—In part, this gap lies in the fail- 


“problems” ure to develop and apply increasingly 


good basic research. 

and 3—Beyond this, the Soviets are creat- 
ing a potential which, given appro- 

profits! priate social changes, might generate 


a technological revolution. 


| 
| The application of science on a vast 


sd unique single cavity molding fa- 
cilities are flexible — provide the 
practical answer to countless problems GRC MOLDS AL! 


% 4—At the present time, the Soviet 

: THERMOPLASTICS tc . vs i 

. oe eee eee oe neeee, SWIFTLY, DEPENDABLY, utilization of Western technology is 

GRC molds nylon parts to meet your AAA | limited by Western controls on informa- 
exact specifications, with precise tol- Automatic Continuous . , na 

erances and uniform quality. And, end Individual Inserts! tion flow and exports. Modification of 





because GRC methods are completely Single Parts! . ; . ide r © " 
cian. Sauke Gee Gmateealy toe te these controls should be guided by care 


— GRC tiny nylon parts are produced of 25,000 to millions. | ful assessment of Soviet technological 


completely trimmed and ready for use, 
i igh- -savi NO SIZE TOO SMALL! strengths and weaknesses. 
in one high-speed, money-saving MAXIMUM SIZE g 


ian wa” hee 5—Finally , scientific and technical 
Write today for Bulletin and Samples. " NO MINIMUM SIZE! publications are a channel of com- 
Send prints for quotation. LOW MOLD COSTS! munication behind the Iron Curtain 


which the Soviet Union simply must 


GRIES REPRODUCER CORP. keep open. This fact needs wider ex- 


Wusiid's Séanment Seadueer of Snatt Ole Costing: ploitation both as a means of ensuring 
149 Beechwood Ave., New Rochelle, N. Y. @ Phone: NEw Rochelle 3-8600 a reverse flow of data from the Soviet 


operation! 


) . 
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for DEPENDABLE TEMPERATURE 

is O 
CONTROL UP TO 300°F 

ith 

nd ; ; 

rs For surface or immersion operation, the new mercury- 
* actuated Robertshaw® Model D-1 thermostat provides 
nd close, accurate temperature control to 800°F. Re- 
Jer quiring no separate “off” switch, its mechanical over- 
a center snap-action make and break mechanism is 
rty actuated by a mercury-filled hydraulic thermostatic 
in- 


element. Contacts and bridges are of fine silver, levers 
: — ‘ and supports of case-hard steel. Maxi sensi- 
or, Send your blueprints = tS Pena et cane heneines ee: ene 


a ; tivity and instant actuation of the snap-switch within 
| to the Electric Motor Maker's closely-maintained temperatures. Other models 


mt 6 No. 1 Source for Precision-Engineered = include reverse and direct-acting types; single and 


he double pole; single and double throw; single and 
ed, double circuits; with and without limit switches. 
na- Write today for details. 

led 


are BRUSH CAPS AND COMMUTATORS “, DOUBLE POLE SINGLE THROW DIRECT-ACTING THERMOSTAT MERCURY-ACTUATED. 


TEMPERATURE RANGE TO 800°F. RATING 35 AMPS., 125V AC; 25 A, 250V AC. 


om 


ast 2 ” 
oo le 7 Midwest Molding 
List AND MANUFACTURING COMPANY 


ind i Gurnee, Illinois 





@\ «(a il Me MODEL D-1 





<ahbaBhs in ibe 


Kohortshaw Fulton 


® 
mi CONTRORS CONTROLS COMPANY 


Robertshaw Thermostat Division, Youngwood, Pennsylvania 
Robertshaw-Fulton Controls (Canada) Ltd., Toronto 


(Largest manufacturer of thermostats for commercial and industrial applications.) 
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'fusion of a new hope for a world of | 
| peace. O00 


\ 
DE prEN i US |Union, and as a medium for the dif.| 


| 
| 


| Abstracted from a speech delivered at | 

the diamond jubilee spring meeting of the 
American Society of Mechanical Engineers | 

| Baltimore, April 20, 1955. "7 


Drafting Time Halved 
| By Photocopy Techniques 


|W. HENRY SEAMANS 

| Chief Development Engineer 
| THe CoTTreLtL CoMPANY 
Westerly, Rhode Island 


| FOR THE PAST EIGHT YEARS, The Cottrell 

| Company has been actively engaged in 
streamlining design and drafting pro- 
|cedures in its engineering department, | 
| The web magazine printing presses we 
‘make are large and complicated ma- 
|chines, utilizing various combinations 
of units according to customer require- 
ments. 






' 


Previously, when a comprehensive | 
|drawing of a new press was prepared 
'for presentation to a prospective cus- 
tomer, it was traced by a draftsman. | 
Most of the work consisted of merely | 
copying standard design details. It con- | 
sumed drafting-room time and was un- 
‘economical. A method has been de- 
‘veloped that produces these new 
|assembly drawings rapidly and with 
a minimum of draftman’s time. It makes | 
| use of existing drawings of presses that | 

ES 4 Po a 2 ay ee ee as ee he me have already been built, with all the 
ane ERROR SPREAD IN MINUTES dimensions and other details required. 


Se 


<H4-—-4aZPCco 





GUARANTEED 





The drawing that comes closest in 
its details to the new assembly is 
| printed on a sheet of transparent paper, 
such as Post No. 906M, in a Pease 606 
white printing machine. Before devel- 
| oping this print, however, those portions 
‘of the drawing wanted on the finished 
print are masked, leaving the unwanted 
| portions to be burned out by the devel- | 
oping process. The previous customer’s 
‘name and address, the serial number 
and size of the machine, as well as 
|portions showing accessory units, are 
blocked out. 

This same procedure could also be 
followed using the photographic process. 
and employing the new Peerless 55- 
gram translucent stock (Reflex Pan 
003) or Peerless Contact Vellum, 4 
‘similar pure-rag content paper which | 
q ] (Ik ‘has been specially treated to make it 

| transparent. 
| This printing-and-developing proce 
|dure produces a print on which the 
blocked-out portions of the original 
blend into the background. On this | 
transparent print, the draftsman then 
letters in the new title and traces the | 
\design details of the new accessory 
|equipment to be incorporated in the 
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TURING 


You can depend on C.T.C. coils to 
give a steady, star performance. They 
won’t go dead despite threats of tem- 
perature, climate or vibration. And for 
very good reasons — 

The mounting stud of every C.T.C. 
coil is fastened to the ceramic body in a 
special way that does away with weak- 
nesses of ordinary coil fastenings. This 
special fastening makes C.T.C. coils 
vibration-proof. What’s more, their 
tightness is preserved in hot, cold, dry 
or damp weather. All C.T.C. coils are 
precision-made, of course, to meet in- 
dividual specifications — and to meet, 
or better, government specifications, as 
well. And continuous quality control is 
maintained. 

As a result, you get a guaranteed elec- 
tronic component — custom or stand- 
ard — whose performance you can de- 
pend upon. 

Precision-made C.T.C. components 
that benefit from C.T.C. high quality 
standards include terminals, terminal 
boards, capacitors, swagers, hardware, 
insulated terminals and coil forms. For 
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all specifications and prices, write 
Cambridge Thermionic Corporation, 
453 Concord Avenue, Cambridge 38, 
Mass. West Coast manufacturers con- 
tact: E. V. Roberts, 5068 West Wash- 
ington Blvd., Los Angeles 16 and 988 
Market St., San Francisco, California. 


Slug Tuned Coil Data: Single layer or pie type 
windings to your specifications. Forms of quality 
paper base 4 tesla mages grade L-5 silicone im- 
pregnated ceramic. Mounting studs are cadmium 
slated brass; ring type terminals are silver plated 
Goan All units include slugs and mounting hard- 
ware. One style (Type C) available with retaining 
collars of silicone fibreglas which permit 2 to 4 
terminals. Windings can be coated with resin 
varnish, wax or lacquer. 


New CST-50 variable ceramic capacitor surpasses 
range of capacitors many times its size. Stands 
only 1%” high when mounted, is less than \” in 
diameter and has an 8-32 thread mounting stud. 
A tunable element of unusual design practically 
eliminates losses due to air dielectric giving large 
minimum to maximum capacity range (1.5 to 
12MMFD). 


See us at Booth 162 at WESCON 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 


custom or standard 














Announcing the new 


Printmaster 810 


The Printmaster is the cumulative 
result of twenty years of research, 
engineering, and user experience. It 
offers big production, superlative 
performance, wide versatility, easy 
and economical operation —all for 
the first time combined in a medium 
price machine. 

For any company which requires 
volume prints of varied types and 
sizes, the Printmaster 810 can show 
marked savings in printing time and 
print costs. 

The 810 prints and develops in 
one continuous Operation, at speeds 
up to 40 feet a minute, on roll or 
cut stock as wide as 42 inches. It’s 
literally packed with new features. 

Jet nozzle feed, a new evaporation 
principle; steady vapor pressure that 
assures fast uniform development. 

Rotating brush feed that smooths 
out the original, even if it has been 
tightly rolled for months. 

Positive pickoff with new plastic 
fingers that easily and smoothly lift 
prints off the printing cylinder. 
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Tracing receiving tray especially 
designed for use with roll stock. 

New print pickoff that lifts off the 
finished print with compressed air. 

New mercury lamp prints more 
efficiently, and uses less current. 

Twin blowers that dissipate heat 
and vapor, make the operation of 
the 810 cool and easy. 

Electronic controls that automati- 
cally synchronize vapor circulation 
to the machine speed; with separate 
manual controls for certain types of 
printing. 

Front stacker that handles prints 
as large as 42 by 24 inches. Optional 
rear delivery for prints as large as 
36 by 42 inches. 

Ask your nearest Ozalid distribu- 
tor to show you what the new 
Printmaster 810 can do for you. Or 
write 334 Ozaway, Johnson City, 
N. Y. In Canada, the Hughes Owens 
Company, Ltd., Montreal. 

OzALID—A_ Division of General 
Aniline & Film Corporation 
From Research to Reality 


OZALID 


assembly. This results in a reproducible 
new “original”, from which can _ be 
made as many clear, white prints as 
needed. 

By special care and handling, it js 
possible to add the design of the new 
accessory equipment by making a sepa- 
rate transparent print of an appropriate 
drawing and attaching this to the first 
transparent print, instead of tracing 
this design. The composite transparent 
print can then be printed again to pro- 
duce the final transparent “original.” 
We have found, however. that it is more 
satisfactory to have these details added 
by tracing. At least 50 per cent of the 
drafting time is saved that once was 
required to prepare these new assembly 
drawings. 


Based on a report which won Honorable 
Mention in the “Photocopy-in-Industry” 
contest recently conducted by Peerless 
Photo Products, Inc., Shoreham, L. J 


New York. 


”. 


Embedment Techniques— 
Discussion 


(Continued from page 131) 





nomic pressures step in and eall a halt. 
This “adequate” design philosophy 
may not satisfy purists who demand 
perfection but it allows one to accept 
a negative design characteristic such 
as poor thermal conductivity of em- 
bedment resins and work with it to 
produce a practical and useable prod- 
uct design. 

I must, therefore, disagree with Mr. 
Welsh on his two main points of issue, 
which appear to be: 

(a) My article advocates the use of 
plastics embedment resins as a cooling 
medium, and, therefore, it is leading 
designers into believing that plastic 
embedment techniques are thermally 
adequate. 

(b) The example described in the 
article was a special case that posed 
no severe thermal conditions and, 
therefore, was not a suitable example 
to support my contention that “the full 
extent of subminiaturization techniques 
is synonymous with plastic embedment 
techniques.” 

I offer in rebuttal: 

(a) My article nowhere advocates the 
use of embedment resins as a cooling 
medium. A large part of the limited 
engineering discussion in the article is 
devoted to the heat-dissipation prob- 
lem caused by embedment and _ points 
out clearly that some other mode of 
cooling must be used to conclude a 
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AWN (sTanparp) 


For Aircraft, 

Electronic Instruments, 
Military, Industrial, and 
Commercial Applications 





Standard AN-A, AN-B, AN-C... meet 
Specification MIL-C-5015B. Plastic inserts. 
15 diameters, 260 insert layouts, 6 shell styles. 
AN3100 to AN3108 with all accessories. In- 
terchangeability an outstanding feature. 
Many type assemblies directly available 


through distributors. 


GS§ (HERMETICALLY-SEALED) 


For Use Under Critical 
Pressure Conditions 





Hermetically sealed connectors... 
with steel shells and contacts to withstand 
high pressures. Available in GS (AN type), 
KH, RKH, U, BFH, TBFH. Insulation is Can- 
seal glass material, fused under high tem- 
perature to shell and contacts...giving true 
hermetic sealing when soldered or brazed to 
housing. 


AF, F (viprRaTion PROOF) 


For Points of High 
Vibration Where Extra 
Strength 1s Needed 





Vibration Proof CA310*F—CAO* AF 
Solid Shell, Resilient Insert Connectors 
... Feature extra strong coupling nuts... in 
hex, spline, knurled types for airline use. In 
wall—or box-mounting, cord-connecting type 
receptacles. Straight or angle 90° plugs. 


For 
Underwater | 
and Severe | 
Moisture 

Conditions 





W Waterproof Series...used under- 
water and on equipment operating in 
swamps, rivers, lakes, with underground 
cables — wherever conditions require thor- 
oughly sealed fittings. Exceptionally rugged. 
AN type inserts. Acme threads on coupling 
nuts. Special rubber sealing ring. Special 
heavy duty cable clamp available. 
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| STEEL SHELL FIREWALL 



















For Open Flame Protection 
Wherever High Temperatures 
Are Involved 





AN-K and Cannon FW Firewall Con- 
nectors... offer you the greatest variety of 
this type of connector. Cannon made the first 
firewall connector and continues the leader 
in the field. Wall—or box-mounting recep- 
tacles. Straight or angle 90° plugs. Crimp-on 
contacts. Inserts of asbestos-filled or glass- 
filled materials. 


AWN eExTERNAL POWER 


Power Connections—Batteries, 
Engine Starting, Aircraft, 
Oilfield, Industrial 





CA2551, AN2552, AN3114 and Other 
Cannon Types Offer Most Complete 
and Varied Line... in single, double, and 
three contact fittings. Really rugged! De- 
signed and built for safe, positive connection 
and long-lasting service. 


AN-E INT. AN-m) 


Where Vibration Resistance and 
Moisture Proofing Are Needed 





AN-E Series... environment resist- 
ing. Replaces “‘old’’ AN-M. Meets 
Specification MIL-C-5015B. Resilient 
inserts. Completely sealed from cable 
to cable. Integral clamp and bushing. 
Grounding lugs. Interfacial sealing 
with grommet and grommet follower. 
Available as Interim AN-M with fer- 
rule in place of grommet follower. 


CONNECTORS suitas_e 
For POTTING 


For Resistance to Moisture, 
Fuel Oil, Gasoline, etc. 





CA06 and CA3106 Types... developed 
for the Bu Aer Standard AN3106 type minus 
the end bell. Special plastic ‘‘cups’’ supplied 
for use as a mold while potting the rear of 
the connector. Weight saving. Grounding 
means available. Plastic or resilient inserts. 





AW accessories 


Cable Clamps, Conduit Fittings, 
Dummy Receptacles, Junction 
Shells, Dust Caps, Bonding 
Rings, Bushings, Adapters 





Featuring High-Quality Materials and 
Workmanship ... including AN3057, AN- 
3057A, AN3420, AN3054, AN3055, AN30- 
56, AN3058, AN3064, AN3066, AN3068, 
AN3111, 2120, 2245, 17530, 2209, 2182. 
Adaptable to all makes of AN connectors. 





OTHER SERIES... Audio Types—External Power Connectors—Switching Types—dc 
Solenoids—Guided Missile Launching Connectors—Miniatures and Sub-Miniatures, 


Since 
1915 


Please refer to this Magazine 
or to Dept. 500 





CANNON ELECTRIC CO., 3209 Humboldt St., Los Angeles 31, Calif. Fac- 
tories in Los Angeles; East Haven; Toronto, Canada; London, England; 
Melbourne, Australia. Manufacturing licensees in Paris, France; Tokyo, 
Japan. Contact our representatives and distributors in all principal cities. 


Write Today for 
new, completely revised, 
up-to-date AN10 bulletin! 
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the new 
Pyramid 








molded tubular 
paper capacitors 


are made with 


* 
MR* RESINS | 


The Pyramid “Imp” is another of the 
outstanding capacitors protected 
with electrical-grade Marco* Resin 
plastic to assure superior perform- 
ance and long service life. 


HIGH TEMPERATURE RESISTANCE. The 
“Imp” has an operating temperature from 
—40° C. to over 100° C. 


MOISTURE RESISTANCE. Molded resin im- 
pregnated capacitors have high resist- 
ance to the effects of moisture. 


INSULATION RESISTANCE. 2000 mec- 
ohms per microfarad (or 10,000 megohms 
per unit). 


POWER LOSS. Measured at 25° C.,""Imps” 


will have a power factor of not more 
than 1%. 


LIFE EXPECTANCY. Designed to withstand 
an accelerated life test of 250 hours at 
150% of rated voltage at 100° C. 


For premium performance, the lead- 
ing manufacturers of capacitors use 
Marco Resins produced by: 


Celanese Corporation of America 
Plastics & Resins Division 

290 Ferry Street, Newark 5, N. J. 
Canadian affiliate, 

Canadian Chemical Company, Ltd. 
Montreal and Toronto. *Reg. U.S. Pat. Off, 
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satisfactory plastic embedded subminia- 
ture design. 

(b) The very fact that “severe” 
thermal conditions did exist in this 
example and were successfully met 
proves that embedment techniques, de- 
spite their negative thermal character- 
istics, can be applied, where “severe” 
thermal conditions exist. It is on this 
point more than any other that I base 
my contention that “the full extent of 
subminiaturization techniques is prac- 
tically synonymous with 
bedment techniques.” 


—Herbert E. Blanke 


plastic em- 


From Mr. Welsh to the Editors, 
June 30, 1955: 


Thanks for the copy of Mr. Blanke’s 
well written letter. 

My views in this matter have been 
previously expressed and remain essen- 
tially unchanged. Also, it is still be- 
lieved that this case history is unusual 
and that the heat concentration is 
lower than average. I do not claim to 
be a lofty authority in this regard, 
however, we have conducted a national 
survey of the state of the art of heat 
transfer in military electronic equip- 
ment in use and under development, 
and I assure that many of the current 
electronic devices have high heat con- 
centrations compared to the case his- 
tory in question. Security regulations 
have undoubtedly limited the spread of 
such information. —James P. Welsh 


Summary by the Editors: Like any 
good discussion, the net result is a 
modification of the original positions 
and the emergence of some constructive 
ideas. Two broad conclusions could be 
made: 

1. Rapidly developing applications of 
such techniques as cast-resin embed- 
ments call for extremely close analysis 
of all design parameters. The fact that 
certain positive design advantages ac- 
crue from such techniques should not 
cause the design engineer to gloss over, 
or even be ignorant of, certain inherent 
disadvantages. The problem of thermal 
dissipation is, of course, paramount in 
plastics embedment. Such embedments, 
in themselves, do not provide a means 
for cooling. All available literature 
should be studied and, if necessary, 
special tests should be conducted. 

2. Negative design factors do not 
necessarily disbar the use of any mate- 
rial or class of materials, or associated 
techniques. By seeing the design as a 
whole, it is possible to design around 
the limitations or negative design char- 
acteristics of the material. 


—Alex. E. Javitz 


See also ‘‘Selecting Casting Resin for Thermal Prop- 
erties,"” beginning on page 133 of this issue. 














Reader 
Inquiry 
Facility 


Page 231 


e A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


1. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


4 Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Facility post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Facility are listed 
in “Feature Article Reprints” de- 
partment on page 255 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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Many Things 
Copper Does 


ALCUPLATE 


Does At 
Less Cost 








COPPER 


ALUMINUM How can you reduce the cost of copper or brass 


in your parts or products? 


A Get the same copper surface area and natural 
thickness with less copper. 


And that is exactly what ALCUPLATE does. ALCUPLATE is a 
solid layer of copper permanently clad —to one side or both 
sides of less expensive aluminum. 


THUS SS = ON ONE SIDE 
OR THUS QS = ON BOTH SIDES 


THIS gives you solid copper performance at a 15 to 30% lower 
cost over solid copper. 


COPPER 
ALUMINUM 


COPPER 


ALCUPLATE FEATURES 





Natural copper appearance Yet, in addition to this cost reduction, ALCUPLATE provides vir- 


tually the same physical and electrical properties as solid copper. 
FABRICATING PROPERTIES 


ALCUPLATE can be fabricated by stamping, drawing, spinning 
and forming. The copper provides an ideal surface for soft- 
soldering operations, electroplating or other finishes. 


SIZES AVAILABLE 


ALCUPLATE is available in coils or flat stock up to 1/16” thick 
x 13” wide and in a choice of thickness ratios and tempers. 


High electrical conductivity 
Excellent heat dissipation 
Soft-soldering surfaces 


Easy fabrication 


Light weight 


For further information, write or wire 


ALCUPLATE™ 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 
48 FOREST ST., ATTLEBORO, MASS. 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » also machinery & tools 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants at: New York e Boston « Philadelphia e Cleveland 


Charlotte, N.C. « Cincinnati « Detroit « Pittsburgh «+ Buffalo + Chicago 


Milwaukee + St. Llouls « Los Angeles «+ San Francisco «+ Spokane -« Seattle 





PLASTIC MOLDED KNOBS 





'@°@ 


From Stock Molds ¢ No Tool Charge e Fast Delivery 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 
8027 N. Monticello Ave., Skokie, Illinois 
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Metal Statistics 





Strikes at primary copper producers puts squeeze 
on already short supply. Sales reported 6c. to 8e. 
above official 36c. price. Zine supplies low. Alumi- 
num shipments set record. Price of silver up, as 
is steel following strike settlement. 


COPPER—A nationwide copper strike which began on July 
| and cut production 15,000 tons a week was still in progress 
on July 15 even though there were signs of a settlement. 

For electrical manufacturers and for other consumers of 
copper it meant a period of frustrating attempts to get vital 
copper supplies, soaring prices in the “outside” market, and 
pleas to the Government to divert material slated for the 
national stockpile. 

Affected by the strike were the properties of Kennecott 
Copper Corp.; Phelps Dodge and the American Smelting & 
Refining Co. The plants of the Anaconda Copper Co. con- 
tinued in operation and on July 15 the International Union 
of Mine, Mill & Smelter Workers voted on a wage offer sub- 
mitted by the company. It was expected that the offer would 
be accepted and that it might set the pattern for settlement 
with the other concerns. One company—American Metal— 
had already made its own settlement with the union. In Con- 
necticut, the American Brass Co. offer was accepted by the 
union leadership. 

The loss in copper production hit consumers hard. There 
was a scramble for the little metal available. The National 
Electrical Manufacturers Association sent a telegram to Com- 
merce Secretary Weeks strongly urging restoration of allo- 
cations of copper being shipped to the stockpile and asking 
that suppliers be relieved of their contracts to ship the metal 
to the stockpile. It was doubted, however, that the Govern- 
ment would take any such action. 

Copper statistics for June (prior to the strike) showed a 
situation that was not too bright for consumers. Crude and 
refined production were both down from the May levels. 
Crude production totaled 102.760 tons, against 106.773 tons 
in May: refined output was 131.431 tons, as against 135,042 
tons in May. Stocks in the hands of domestic producers were 
also lower at 38.533 tons, a drop of 4807 from the previous 
month’s figure. Domestic shipments were 132,842 tons, as 
against 124.853 tons in May, an increase of 7989 tons. 

Meanwhile, the price picture remained clouded. The major 
producers firmly maintained their price of 36c. a lb for 
electrolytic copper delivered Valley. But since so little cop- 
per was available, reports of sales in the outside market at 
prices 6c. to 8c. above the official figure were not uncommon. 

One of the barometric signs—the price of copper scrap 
soared during the month, hitting 35.50c for the basic No. 
2 grade. one of the highest prices in its history. Since it 
costs about 4.50c. a lb to refine scrap, smelters were actual- 
ly working on a basis of 40c. for the copper they were 
refining. 

Meanwhile, ingot makers boosted the selling prices of 
brass and bronze ingots on July 8 by 1.50c. to 4c. a Ib, 
reflecting the higher prices they were paying for scrap as 
well as the premiums they had to pay to get electrolytic 
copper. 

It was generally conceded that when the copper producers 
settle with the unions and pay higher wages, some of the 
higher costs may have to be passed on (as in the steel strike 
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‘ress | 
Ss of 
vinal | MIcARTA Glass-Reinforced Polyester 
and | Moldings have what it takes for high-strength 
the | electrical applications. This exceptionally 
— | versatile material has excellent arc 
ng & | resistance, high impact and flexural strength, 
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, the Let us show you how this rugged material 
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Scouting for 
Encapsulated Coils? 





DANO makes them! 


You're always sure your coils are exactly right when Dano 
makes them. Step by step, every Dano Coil is skillfully 
made by coil experts whose experience and equipment 
combined with the latest quality control methods mean 
the ultimate in coil performance for you. 


DANO ENCAPSULATED COILS 








New products are constantly demanding new types of 
coils and Dano continues to provide the answers by en- 
capsulating coils in either Polyester Resins or Epoxy 
Resins also by designing coils for high temperature appli- 
cations. 


If you depend on coils to exact specifications—it’s no 
problem when you deal with Dano. 


Call or write today and Dano’s quote will be on 
the way. 


& Coils for High Temperature Application 

> Encapsulated Coils & Form Wound Coils 
> Paper Section Coils ®& Bobbin Coils 

& Cotton Interweave Coils ® Acetate Bobbin Coils 


Also, Transformers Made to Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 





settlement) through higher prices for the metal, probably 
in the fabricated form. Thus far, there has been no talk of 
higher prices for the primary copper itself. 
* * * 

LEAD AND ZINC—The strike that hit the copper industry 
also affected, to some extent, lead producers. Shutdown 
of plants of the American Smelting & Refining Co. put one 
of the principal producers out of the selling picture during 
the early part of July. 

Consumers had not too much difficulty in getting lead 
although demand was heavy and the price firm at 15.00c. 
a lb, N.Y. The demand was such that producers who only 
a short while ago were pleading with the Government to aid 
them by buying lead for the stockpile were now very chary 
about selling their metal to the General Services Administra. 
tion. It was understood that the GSA got only token offers 
when it came into the market for July metal. 

Output of refined lead was 45,435 tons in May compared 
with 50,274 tons in April. At the end of May, stocks in the 
hands of domestic producers came to 50,947 tons, a drop of 
4009 tons. Meanwhile, domestic shipments were the largest 
for any month since February. 

The zine situation—though unaffected by the strike—was 
even in a worse shape as far as consumers were concerned. 
Zinc supplies were low, there was talk of higher prices (even 
though as we went to press the price held at 12.50c. a |b, 
East St. Louis) and demand was sharp and competitive. 
Indicative was the fact that the Government only got some 
6000 tons of zinc for its stockpile in June, compared with 
10,000 tons a month previously. 

There was a drop of 14,572 tons in zine stocks held by 
producers in the month of June, leaving stocks at 48,612 tons. 
the lowest since May 1952. Production was slightly lower on 
a monthly basis but slightly higher on a daily average basis. 
Shipments had jumped to 99,039 tons, from 97,572 tons. 

It was quite obvious in mid-July that consumers would 
have a tough time getting all the zinc they needed, particu- 
larly the Special High Grade. 

¥ ¥ 





ALUMINUM—Aluminum shipments will set an all-time rec- 
ord of over 3.7 billion lb this year. according to the outlook 
for the last six months. So states the Department of Com- 
merce in a recent forecast. This is 500 million lb more than 
the industry had expected in the first days of this year and 
should be welcome news to consumers of aluminum. But, on 
the other hand, the demand for aluminum both for civilian 
and military needs is evidently so sharp that the metal may 
be in short supply during the third quarter. 

Defense Mobilizer Flemming said the total supplies avail- 
able to United States users in the 3rd quarter, including the 
latest stockpile diversion, will be 1.114 billion lb and that 
the total supply will not meet all demands. 

Following Dr. Flemming’s statement before a House Small 
Business Subcommittee, Rep. Yates, chairman of the sub- 
committee urged that the aluminum scrap export quota be 
cut. When the actual quota was made public on July 12, it 
had been slashed from 9000 tons to 4000 tons. 

During the second week in July, Alcoa began negotiations 
with the U.S. Steel Workers Union. Most observers believed 
that a pattern similar to that arrived at in the steel industry 
would be worked out and that this. in turn, might mean 
eventual higher prices for aluminum and for fabricated 
products. 

Meanwhile, however, the 21.50c. a lb price for pig alumi- 
num and 23.20c. for aluminum ingots remained unchanged. 
Secondary aluminum prices were advanced during the month. 

% * * 
SILVER—Demand for silver continued active. In mid-June, the 
silver price was 89.25c. On June 28 the price was increased 
to 90.00c. an oz. On June 30 it was again raised to 90.125¢. 
The increases reflected improved foreign inquiries which 
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Electro-Snap Switches Gan Be Adapted to Almost 


Any Job — Quickly, Easily, Economically ; j 
Just choose the Electro-Snap Basic Switch that meets your elec- 

trical requirements, add the proper actuator — and presto! — 

you have a tailor-made precision switch that exactly fits your 

application. Electro-Snap makes a wide variety of stock actu- 

ators to fit almost any requirement. And our engineering depart- 

ment is at your service if a standard combination “won't fill 

the bill.” 

For prompt action on your switching problems, send us a brief § 


description and rough sketch of the switch you need. 


SUB-MINIATURE 
SWITCHES 
TYPE E-4 









ACTUAL 
SIZE 












S.P.D.T., 1 circuit; 5 
amps, 125/250 v. AC 
Operating force Push Button Toggle Actuator 





Roller Leaf Actuator 
Double Toggle 





150 grams max. Actuator an o Actuator 
Exceptionally Contact) 


vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 
F. operation. 












Leaf Actuator Extension ‘ae 
Leaf Actuator Ganged Interlock 


TYPE S SWITCHES 





Series $1 
$.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever Roller Actuator 
250 v. AC/ 30 v. DC. Ind. Screw Actuator 









or solder terminals on ends or one 
i side of switch. Also available 
with reset button at bottom of 
switch or in Type S-100 Make- 
Before-Break Series where switch 
completes a new circuit before 
interrupting old one. 


Push Button Actuators 
(Various button sizes available) 







Toggle Actuator 
(momentary or 
. constant contact) 










Special Push Button 
Actuator designed for 
fire control system 










Extension 
Leaf Actuator 





HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 






Roller Lever 


Roller Leaf Actuator 


| DOUBLE-POLE Actuator 
SIMULTANEOUS ACTION 


TYPE D-8 


D.P.D.T., 4 Circuit 
15 amps, 125/250 v. AC. 

10 amps, 30 v. DC Ind. 

Eight terminals and four separate cir- 
cuits which operate simultaneously per- 
mit switch to reverse 3-phase motors, 
replace expensive relays, etc. 





Type J2-4 Toggle Actuator 
for J2-4 | 


D.P.D.T., 4 circuit 10 amps, 125/ 
250 v. AC/30 v. DC. 





Push Button Actuators 


Extension Leaf 
Actuator (Various button sizes available) 


ELECTRO-SNAP SWITCH & MFG. CO. 4220 West Lake Street, Chicago 24, Illinois 
MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION 
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TRADE MARK @® 


TRANSFORMER’S 
dependability for control 


@ Avoid future trouble in your equipment by 
specifying STANDARD Control Transformers for your electrical 
equipment. They’re more compactly built to your exact require- 
ments with plenty of reserve capacity to assure accurate 
operating efficiency. 


Consult us today about your particular problem. Our 30 
years of experience in designing and building transformers for 
every class of service will mean new economies and greater 
dependability for you. 


Shown here are a few of the 
many different types of control 
transformers manufactured by 
Standard in either large or small 
quantities. 


Write for literature today 
OFFICES IN PRINCIPAL CITIES 


THE STANDARD TRANSFORMER CO. 


WARREN, OHIO 
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helped push up the price position. In mid-July the price 
had advanced to 90.75c., just 0.25c. under the U.S Govern- 
ment price of 9lc. and the highest in almost 35 years. 

Mine production of silver declined 1 per cent in May 
compared with April and the daily average production rate 
was 5 per cent lower. The total output was 3,248,653 troy oz 
in May as against 3.292.175 oz in April. 


TIN—Tin prices were more or less steady throughout the 
month, although daily fluctuations continued. On July 1] 
the spot price of tin was 93.375c. as against 94.50c. in mid- 
June. 


PALLADIUM—The price of palladium was advanced from 
$22 to $24 per troy oz on July 1. The higher price reflected 
a tighter supply situation. 


MAGNESIUM—Net shipments of magnesium mill products 
during May amounted to 1.943.000 Ib. or 11 per cent above 
the April shipments of 1.756.000 lb. The price of magnesium 
was unchanged at 28.50c. for pig and 29.25c. for ingot. 


PLATINUM—A tighter supply situation has developed in 
platinum, reflecting the drying up of Russian offerings and 
increased domestic demand. While prices were quoted at 
$80 an oz there were reports of $82 an oz being paid for 
the metal. 

COBALT—Consumption of cobalt in April was 13 per cent 
less than in March. April consumption was 749,637 Ib. Pro- 
duction of cobalt metal was 8 per cent more in April than 
in March. Pricewise, there was no change with quotations 
at $2.60 per lb. 


NICKEL—Demand for nickel remains exceedingly sharp and 
supplies continue very much on the tight side. The price is 
maintained at 64.50c. a lb. Nickel-bearing scrap prices were 
boosted in all markets this month. 

STEEL—Settlement of the one-day strike meant that the 
steel industry could get back to the job of record-breaking 
steel production. But the higher wages and the package deals 
given to the union also meant that steel would cost $7.35 
a ton more on the average and that when it finally got into 
the hands of consumers it probably would be $10 more. The 
higher steel price was expected to set off a new inflationary 
spiral on manufactured products. 

Meanwhile, it was reported that steel plants in June con- 
tinued their record operations at 9.735.000 net tons of ingots 
and castings. Second quarter production totaled 29,878,411 
tons and exceeded the output of all previous quarterly pe- 
riods. And the outlook for the third quarter was also good. 

Demand for all grades of steel remains pressing. Steel 
backlogs continue to mount. Prices of scrap have jumped 
$3 to $5 a ton in the past month. The steel operating rate 
is holding at over 92 per cent. 
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